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I . AB S TRACT

Two offshore sites for a proposed Superport, off southeastern

Louisiana, are evaluated for potential environmental impact on the

coastal region. The most vulnerable areas along the coast are the

estuaries. Oil drift projections indicate that the site more distant

from shore would have less effect because a potential spill there

would probably not reach the estuarine areas.

Louisiana's estuaries are flanked by Levees and, on the Gulf

side, usually by barrier islands. This configuration, coupled with a

gentle slope, has produced a nutrient-rich environment that now

supports over 4 million acres of estuarine marshlands--one of the

world's most extensive coastal wetland areas. The climatic regime

provides high solar insolation, abundant rainfall, and a wind system

all of which interact with the physical setting in such a way that

primary production supports the largest fishery in the United States.

The principal fishery species are menhaden and shrimp, and they depend

on the estuaries for a habitat and/or nursery area and for detrital

food � the product of marsh grass disintegration.

Oil drift projections of hypothetical oil spills are based on a

hydrodynamical numerical model using wind conditions, local tides, and

bathymetry. At the closest site oil spills moved either northwest

toward Timbalier Bay or northeast toward Barataria Bay. Oil spills at

the farther site did not impinge on the shorelines nor into the

estuaries. Oil spills at both sites usually assumed an east-west

orientation and moved somewhat faster than drift projections based



solely on winds.

Potential adverse effects resulting from an oil spill would be

most severe in the estuaries. Oil could damage or kill extensive areas

of marsh grass, thereby reducing or eliminating the most important

food source for the major consumers, which are fishery species. This

damage could be by direct contact with the top of th= plants, the root

system, or the microbes which initiate the breakdown of grass into

detritus. Most marsh fauna is located near the boundary between the

grass and estuarine waters. Zf oil enters the estuaries, it is believed

that it will concentrate in this boundary area and thereby possibly

cause high mortalities of these forms and indirectly of the fishery

species, inasmuch as detritus in the estuaries is used as a food source.

The larval and juvenile stages of the fishery species use the tidal

passes into and out of the estuaries as migratory routes, and if oil

reached these areas mortalities could have severe effects on later

fish harvests. Damage to the Gulf shoreline would probably be minimal

unless the oil concentrated in the littoral currents, which are also

us'ed as a migratory aid. The most severe effect off. hore would

probably be damage to the spawning waters or grounds used by the

fishery species. However, this damage would probably be low when

compared with potential spill effects on est~aries because the size

of the offshore shelf area and the large volume of water would tend

to mitigate the damage.

Regardless of the final location of the Superport, research

should be initiated on the detailed hydrography and meteorology of



the proposed site, the toxic effects of various crude oils on

planktonic stages of fishery species, and the ef fects of oil on

marsh grasses and microbes.
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II. INTRODUCTION

A. Ob 'ec tives

The objectives of this project were �! to conduct an

overall environmental evaluation of a Superport operation at two

hypothetical locations on the continental shelf off the southeast.

coast of Louisiana, �! to establish within the limits of available

data the exis ting environmental condi tions at and around the proposed

sites, and �! to predict and/or document  a! the effects of an oil

spill at or near the proposed sites and  b! the effects of

operations.

Only a superficial assessment was made of the effects that a

Superport would have on people and their activities. No research was

done on the impact of ancillary developments, such as pipelines,

tank farms, new refining and/or manufacturing complexes. The latter

activities would probably have a more serious and adverse impact on

the environment than the port itself.

B. Stud Area and Conditions

Part of the coastal area of Louisiana and its continental

shelf out to water depths of 200 meters is shown in Figure 1. Poten-

tial Superport site locations 1 and 2 are also indicated on Figure 1,

and their geographic coordinates are as follows: Site 1 at 28'42'N

and 90'14'W or about 27 miles south of Bayou Lafourche �3 kilometers!

and Site 2- at 28'57'N and 89'56 1/2'W or about 17 miles �9 kilometers!

southeast of Bayou Lafourche. Each site is located where water depths

are approximately 100 feet  about 30 meters!. Operational  chronic!



spills were assumed to take place at the facility or site locations.

Casualty spills were assumed to take place at those locations on

Figure 1 marked by C and C . The geographic coordinates for C or

Casualty Spill 1 are 28'47'N and 90'14'W and for C or Casualty Spill

2 are 28'58 1/2'N and 90'01'W. On the basis of these locations ve

have roughly circumscribed a study area for this report indicated

by the dark lines in Figure 1 and having approximately the fallowing

geographic coordinates:

29'50' North latitude
28'30' North latitude
91'15' West longitude
89'15' West longitude

Nor th boundary
South boundary
West boundary
East boundary

The Nississippi River forms the boundary of the northeast corner of

the study area. The study area roughly conforms to some geographic

limits used by previous and ongoing studies, and vhere possible we

have tried to confine our efforts to these limits in order to use

existing data more easily. For example, Figure 2 illustrates the

geographic boundaries for suggested hydrologic units along coastal

Louisiana. Hydrologic units III  Mssissippi Delta!, IV  Barataria

Bay complex!, and V  Terrebonne Bay complex! are the areas that would

most probably undergo environmental impact from a Superport and its

operations. Offshore, the most likely impact areas correspond to

commercial fishing grids 13 and 14. We have, therefore, confined our

data procurement and analyses where possible to hydrologic units III,

IV, and V and offshore fishing grids 13 and 14.

Large casualty oil spills were assumed to take place at Cl and

C under the following conditions:



l. Release time: 2 hours

2. Size: �! 500 tons

�! 30,000 tons

3. Frequency: �! The immediate and cumulative effect of a

500-ton spill yearly for 20 years

�! The immediate and cumulative effect of a

30,000-ton spill midway through a 20-year

period

For the periodic  chronic! operational spills we assumed the

following conditions at Sl and S2:

Alternative Pl: Assume that all crude is transshipped by tankship

�0,000 DWT in l980 and 50,000 DWT in 2000! ~

Year 1980

Amount: 840 bbl

Frequency: 2.3 bbl/day or 30 gal/supertanker operation

�88 operations! and 4.8 gal/transshipment operation

�,673 operations!.

Year 2000

Amount: 3,094 bbl

Frequency. '8.5 bbl/day or 30 gal/supertanker operation �,165

operations! and 6.0 gal/transshipment operation

�0,827 operations! ~

Location: At berth

Alternative ]F2: Consider that all oil is piped � no transshipment by

tankship.



Year 1980

Amount: 420 bb 1

Frequency' .l. 2 bbl /day or 30 gal/supertanker visit �58

operations!.

Year 2000

Amount: 1,546 bbl

Frequency: 4.2 bbl/day or 30 gal/supertanker visit �,165

operations!.

Location: At berth

We have also assumed that tw~ types of crude oil arrive on the

Gulf coast via supertanker from Africa or the Middle East. For both

the large casualty spills and the periodic operational spills, these

two crude oil types have the physical and chemical characteristics

given in the following table.

Physical and Chemical Characteristics of Crude Oils
Considered for This Study

A

l. 30

0.042
brown-green

0.840

37.0
43-40**

42. 2

0.2

1320 ug/kg crude 400 ug/kg crude3, 4 benzpyrene

*Saybolt Universal at 300'F, 122 sec; at 130'F, 69 sec.
*+Saybolt Universal at 77'F, 43 sec; at 100 F, 40 sec.

Sulfur, percentage
Nitrogen, percentage
Color
Specific gravity
API gravity
Viscosity

Light gasoline
To tal gasoline and nap tha
Kerosene distillate
Gas oil

Nonviscous lubricating distillate
Medium lubricating dis tillate
Vi scous lub ri cating dis ti 1 late
Residuum

Distillation loss

0.14
0.083

brown-black
0.858

33.4
122-69*

2.4

15. 1

13. 1

10. 3

14. 8

4.3

7.3
30. 3

9 ' 9
15. 2

11. 3

6.8

3.5

19. 4

3.6



Crudes A and B wou.ld also contain compounds such as 1, 2 benzan-

thr scene, 1, 2 benzphenan threne, diphenylme thane, phenanthrene, and

dibenzthiophene in the general proportions indicated by the benzpyrene

content of each.
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III. SELECTED ENVIRONMENTAL INVENTORY OF STUDY AREA

A. Geolo ical and Geo ra hic Settin

1. Delta Formation

The study area as delineated in Figure 1 is part of

the Mississippi River deltaic plain, which is a composite of many

progradations of the Mississippi River  Fig. 3!. There are at least

three delta complexes in the study area: they are the Plaquemines-

Modern, the St. Bernard, and part of the Lafourche complexes  Frazier,

1967!. Figure 4 gives a "typical" diagrammatic development of a

deLta complex. Initial progradation begins when a stream discharges

its sediment load into rather shallow and still waters and heavier

sediments accumulate at the end of the delta. Additional channels

usually develop, and they in turn discharge their sediment load; the

common result is that the delta takes on a "bird-foot" shape. As

further progradation occurs, the delta plain is enlarged and overflow

deposition increases the sizes of the levees. Eventually, some of

the distributary channels become too flat; the stream is abandoned,

and a diversion takes place at another location where the slope is

adequate for discharge. Often an old channel is reoccupied, and a

repetition of the previous depositional phases can and often does

follow  Frazier, 1967; Morgan, 1967!.

2. Active Delta: Mississi i River

The distal end of the Mississippi River has at least

four ma!or distributaries which form the "bird-foot" shape  Fig. 5!.

The delta is active, fresh water and deposition dominating the



immediate area. Unstable areas exist off the front of each ma!or

pass. The instability is characterized by mudlumps  see Fig. 5!,

which result from the accumulation of heavier sediments on lighter

material, presumably causing the extrusion of the latter as mudlumps.

More than a hundred mudlump sites have been found at the mouth af

South Pass  Morgan et al., 1963; Coleman, 1972!. Off South and

Southwest passes a rather steep slope-off exists  Fig. 6!, and this

increases the general instability and foundation problems of the

area.

The general morphology of the Mississippi Delta is the

result of the interaction of wave attack with the subaqueous profile

 Wright and Coleman, 1972!. Compared to other active deltas  Table 1!.

3
the Mississippi has a high discharge rate, approximately 17.69 x 10

m /sec, and the shallow slope of its continental shelf  Fig. 7!3

apparently attentuates the offshore wave power sufficiently to allow

a river-dominated configuration to develop.

3. Barrier Islands

At the distal end of the estuarine areas of Louisiana,

barrier islands  such as Grand Isle; see Fig. 1! have been formed,

presumably as a result of wave attack on abandoned sand bars at

the mouths of abandoned distributaries. The sand is transported

laterally and accumulates to form delta-margin or barrier islands.

Russell �967! suggested that these islands are commonly associated

with low-coast estuaries, such as those of Louisiana and the study

area.



4. Estuarine Areas

Between the major distributaries along the coast of

Louisiana, the delta plain has established vast marshlands  Fig. 8! .

These marshlands originally were formed and maintained by annual

flooding of water and sediments over the natural levees, but now

rainfall and tidal exchange are the only means for water renewal.

As a distributary system becomes less active, subsidence usually

occurs at a greater rate in the areas of the old channels because

of the heavier materials deposited there, and, as a result, open

areas of brackish water are formed  Fig. 9!.

Estimates of surface areas in all the hydrologic units

along the Louisiana coast are given in Table 2. Hydrologic units

III, IV, and V  Fig. 2! correspond roughly to the landward side of

the study area and can be designated as the Mississippi Delta, Bara-

taria Bay, and Terrebonne Bay. The total area of the Mississippi

Delta complex is approximately 901 mi �,334 km !, of which 243 mi
.2 2 2

�29 km ! is land surface and about 658 mi �,705 km ! is water
2 2 2

surface. The estimated water volume is 2,209,300 acre-feet. The

total area of the Barataria Bay complex is approximately 2,509 mi.2

�,500 km !, of which 1,645 mi �,262 km ! is land surface and about
2 .2 2

2 2
864 mi �,238 km ! is water surface. The estimated water volume of

this area is 714,200 acre-feet. The total area of the Terrebonne Bay

complex is approximately 3,692 mi  9,565 km !, of which 2,648 mi
.2 2 . 2

�,860 km ! is land surface and about 1,044 mi �,705 km ! is water
2 2

surface. The estimated water volume of this area is 1.,555,700 acre-



Estimates of surface areas for various natural and man-

made water bodies in each of the three hydrologic units under study

are in Table 3. These data are given for the years 1931 to 1942,

1948 to 1967, and 1970. The surface area for all types of water bodies

has increased over the years 1931 to 1970; presumably, this increase

is at the expense of existing land.

5. Shoreline Features

The shoreline morphology of Louisiana is characterized

by a highly developed and complex land~ater interface area. The

total land-water interface, estimated at 30,191 miles, is second among

the states only to that of Alaska in extent. Approximately two-thirds

of this total interface �8,188 miles! is in the study area. Table 4

gives a breakdown of types of interfaces; there are at least five

categories, i.e., streams and bayous; bayous, lakes, and marshes;

canals and cuts; major rivers; and the Gulf shoreline. Hydrologic

units ZV and V have 50X of the state's land-water interface. The Gulf

shoreline, estimated to be 363 miles long, has the smallest land-water

interface.

6. Offshore Areas

The continental shelf off Louisiana, out to depths of

200 meters, has an area of approximately 29,000 nd. �5,075 km !.
2 2

Approximately one-fifth �5,000 km ! of the shelf is in the study2

area. Generally, the offshore subaqueous profile is not steep, and

so there are extensive areas of shallow depths all along the Louisiana

coast. However, off the delta of the Nississippi River the slope is

10



greatly increased, and deeper waters are reached more rapidly. Figure
2

10 gives the 30-meter contour and bathymetry of the shelf per 29.6 km

�1.4 mi ! grid in the study area. Table 5 gives estimates of surface.2

water area and water volume per depth interval for all areas offshore of

Louisiana. Separate estimates for hydrologic units III, IV, and V are

not given, however. More than 50X of the surface area of the shelf

waters is confined to shallow waters of <100 feet �0.5 meters! and

84K over depths of <300 feet  91.5 meters!. Similarly, 54X of the

volume of the shelf water is in water <300 feet  91.5 meters! in depth.

The Mississippi River discharges an estimated 1 to 1.5 million tons of

sediments per day along the continental shelf of Louisiana. A detailed

characterization of the distribution of these sediments is given in

Scruton �956!.

B. Characterization of Sediments and Waters

1. Selected Estuarine Areas

The mineral composition of the sediments of Barataria Bay

is predominantly montmorillonite; there are lesser amounts of Illite

and kaolinite  Fig. 11!. Under aerobic conditions, two layers are

present in the sediments and are easily seen'. a top layer that is

quite thin � to 2 centimeters! and colored light gray, and a bottom

layer that is usually very thick  up to >2 meters! and colored dark

brown to black. The upper layer is oxidized mud and the lower layer

is reduced mud. The upper layer develops and disappears In relation

to the amount of dissolved oxygen, and its presence or absence has a

significant impact on the types and amounts of substances that pass



between the sediments and the water  Hutchinson, 1957!. For example,

under reduced or anaerobic conditions, soluble phosphorus  ionic!

passes from the mud into the water. The seasonality of this phenomenon

and its importance in Louisiana estuaries has not been researched.

Though detailed studies of circulation patterns of

Louisiana estuaries have not been made, chemical data from Ho �971!

and f rom Barret t �971! and Perret et a1. �971! suggest that non-

conversative elements are being entrained and accumulated in sediments

upstream along a north-south axis in Barataria Bay. The mechanism

for estuarine entrainment, as outlined by Redfield et al. �963!, is

one whereby the organic material is brought in by a countercurrent of

seawater under the surface outflow. This organic material tends to

sink differentially, and its concentration in the surface sediments

increases upstream relative to the motion of the surface layer. Some

of the organi.c entrainment in the northern sections of Louisiana

estuaries may also represent incomplete flushing of the estuaries in

that the more northerly sections presumably would not purge themselves

of decaying organic material  such as dead marsh grass! as rapidly as

the more southerly sections.

At a series of north and south stations  Fig. 12!, Ho

 ibid.! found that the sediments of the north stations contained an

average of 24X organic carbon, whereas sediments of the south stations

contained an average of <6X  Fig. 13A!. The total nitrogen content

of the sediments also exhibited entrainment upstream inasmuch as

sediments of the north stations had an average of 1.23X total N,

12



whereas the respective value for the south stations was 0. 30  Fig. 13B!.

Figure 14 shows the distribution af soil organic matter in all the

Louisiana coastal marshes. Those marsh areas having sails with >5DX

organic matter are almost all located upstream or north of the mouth

of the estuary and usually in the northernmost reaches of each estuary;

this feature is especially well illustrated in the Mississippi Delta,

in Barataria and Caminada bays, and in Timbalier and Terrebonne bays.

In addition, Ho  ibid. ! found that concentrations of sulfides were

higher in the surface soils of the north stations than in those of the

south  Fig. 15A! . Total phosphorus  Fig. 15B! in the sediments did

not show a south to north increase.

Average dissolved carbonates in water samples taken 6

inches �5 centimeters! above the sediment surface were slightly higher

at the north stations than at the south, respective yearly averages

being 149 and 141 milligrams as HC03 per liter  Fig. 16!. These values

may reflect the availability of free oxygen in the water, greater con-

centrations presumably being present at the south stations. Inorganic

nitrogen, nitrates, and nitrites have a high seasonal value during

March and April; this high is followed by a sharp decrease in Nay and a

general low through summer, which are presumably reflections of bio-

logical uptake during spring growth  Fig. 17A and B!. Total phosphorus

 Fig. 18! was generally higher at the north stations; the highest

seasonal value for all stations occurred during fall  October!, and a

secondary peak is evident during summer  July!. Bath peaks of total

phosphorus probably coincide with the sequence of the biological

13



activities in the estuary.

2. Offshore Areas

Sediments offshore of Louisiana can be generally charac-

terized into three types  Fig. 19!, i.e., sands closest to the shore-

line, alternating sands and muds, and finally muds. The origin and

disposition of these are discussed by Curray �960!. Physical agents

affecting sediment distributions from the source rivers are permanent

currents, tidal currents, and hurricanes. The overall effect is a

series of chenier-like bands, as shown in Figure 19. Fine sediments

are generally carried farther to the west along the continental shelf

of Louisiana toward the Texas coast. The heavier materials remain

closer to the bays and near the shore.

Water chemistries offshore of Louisiana are greatly

affected by freshwater runoff, particularly the discharge of the

Mississippi River. Riley �937!, for example, found that surface

salinities, phosphates, and chlorophyll distribution along the shelf

were directly related to input by the Mississippi, River  Fig. 20!.

C. Climate

I. Avera e Conditions

At least two pressure ridges dominate weather conditions

along coastal Louisiana. One ridge is the "Bermuda high" centered

over the Bermuda-Azores area of the Atlantic, and the other is the

"Mexican heat low" centered over Texas during the warm months. Pres-

sure changes associated with these ridges set up winds that predomin-

antly come out of the east  Table 6!. For example, fall and winter

14



winds have a strong component out of the east, 28X and 21X of all

winds, respectively; but for these seasons the components from the

northeast and narth predominate over those from the southeast ~ In

fall, 26X of all winds come fram the northeast, but only LOX come

from the southeast. During winter, 18X of all winds come from the

northeast and 17/ come out of the southeast; however, northwest winds

increase 4X over fall season occurrences, so that overall the wind

shift is still ta the north. Spring and summer winds shift to the

southeast. For example, 21/ and 18/ af all the spring and summer winds

come from the southeast, whereas only 17/ and 10/, respectively, come

from the northeast.

Air temperatures usually reflect changes in wind direction.

During fall and winter, mean air temperatures in southeast Louisiana

are 69.4 F �0.9'C! and 56.7'F �3.8 C!, respectively  Table 7!,

During spring and summer, mean air temperatures are 68.6 F �0.4'C!

and 80.8'F �7.3'C!, respectively  ibid.!. Because the bulk of the

surface waters of the Gulf of Mexico originate in tropical latitudes,

coastal water temperatures are relatively higher than surface waters

at similar latitudes, undoubtedly resulting in a great warming and

increase of moisture content of the overlying air masses. Leipper

�954! gives the mean annual temperature of Gulf surface waters as

78'F �5.6'C!, whereas in comparable areas at the same latitude the

mean annual temperature is 74'F �3.3 C! in the western Atlantic,

73 F �2.8'C! in the eastern Atlantic, and 68'F �0.0'C! in the

eastern Pacific.
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Mean monthly rainfall in southeast Louisiana ranges

from 3.2 inches/month  8.2 cm/mo! during October to 7.4 inches/month

�8.7 cm/mo! during July. Generally, the winter and summer seasons

are the rainiest, the monthly means being 5.2 inches �3.2 cm/mo! and

6.4 inches �6.3 cm/mo!, respectively. Rainfall is slightly lower

during the fall and spring, 4 ' 5 inches/month �1.3 cm/mo! and 4.6

inches/month �1.6 cm/mo!, respectively  Table 8!.

Humidity along the southeast coast of Louisiana is high

because of abundant rainfall and possibly because the prevailing

winds have a long fetch over the warm surface waters of the Gulf.

Table 9 gives the percent frequency of six classes of humidity on a

seasonal basis for New Orleans. Humidity is generally high all year,

but it is highest during summer.

Coastal fog  as indicated for New Orleans and Lake

Charles! is 2 to 4 times more frequent during December and January

 Table 10A and B!. Generally, the duration of coastal heavy fog is

only about 3 to 4 hours. Visibility offshore of Louisiana is reduced

to less than 3 miles �.8 kilometers! 4.3X of the time on a monthly

basis. Poorest visibility occurs during winter and the spring months

of March and April; visibility less than 3 miles occurs 7.9X of the

time, during January and 9.6X and 8.0X of the time during March and

April, respectively. The sky is obscured by cloud cover on t' he

average from 4/10 to 6/10 of the time  Leipper, 1954!.

The seasonal pattern of insolation in southeast Louisiana

is given in Figure 21. During winter, solar radiation averages about
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235 gr-cal/cm /day, and during spring rrronths it increases to 4352

2 2gr-cal/cm /day. The rate reaches a maximum of 488 gr-cal/cm /day
2during summer and declines to 367 gr-cal/cm /day during the fall.

This seasonal pattern of solar energy undoubtedly is one of the

causal factors involved in biological productivity.

Cyclones, particularly the tropical species, generally

affect the northwest Gulf area from late Nay to early November. Data

on cyclones, including hurricanes, in coastal sections of Louisiana

are given in Table 11. West of the Nississippi Delta, the probability

of cyclone occurrence is slightly higher than to the east, occurrence

values are 21X and 18X, respectively, for Sarataria and Terrebonne and

15X west of the Mississippi Delta. The probability of hurricane and

great hurricane occurrence is about the same on either side of the

delta. Table 12A and 8 gives historical data on hurricanes within 180

miles �90 kilometers! of the Louisiana coast. During the entire

hurricane season �63 days; May through early November!, the average

number of tropical storms is 0.76/year; the overall probability far

any one day is 0.47X. Usually hurricanes occur at least once a year,

and their overall probability is 0.61X for any one day. Comparative

cyclone data are given in Figures 22 and 23 for the entire Atlantic

and Gulf seaboards; it is apparent that the Gulf is more susceptible

to cyclones  and hurricanes! than the Atlantic coast. Thus areas 5

and 6  see Fig. 22 and Table 11!, off Texas, for any one year have an

overall tropical cyclone occurrence probability of 19X and a hurricane

probability of 13X. For areas 11 and 12, off Louisiana, the probabil-

ities are about the same, respective values being 18X and llX. Similar
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probabilities for areas 46-47  Delaware!, 50-51  New Jersey! and 58

 Maine! are 2. 5X � 1. 5X, 8.5X � 6.0X, and 13.0X � 5X, respectively.

2. Summer Conditions

Two pressure ridges dominate the summer weather of coastal

Louisiana. One is the "Bermuda high," centered over the Bermuda-Azores

area of the Atlantic, and the other is the "Mexican heat low," centered

over Texas, resulting from solar heating over the land. During July,

67X of the coastal winds are out of the southeast, south and southwest;

98X of the wind speeds are <19 mph  8.5m/sec!, and 50X of them are <9

mph � mjsec!  Table 13!.

Average monthly air temperatures are high: 78. 7'F �5-9'C!

in June, 80.7'F �7.6 C! in July, and 82.2'F �7.9'C! in August  Table 7! .

Rainfall is also high during the summer; monthly averages are 5.3 inches

�3.5 centimeters!, 7.4 inches �8.8 centimeters!, and 6.6 inches �6.8

centimeters!, respectively, for June, July, and August  Table 8!.

During active seasons for hurricanes the probability of a

hurricane occuring on any one day is 0.56X between June and July; during

inactive seasons it is 0.15X. During early August, in an active season,

the hurricane probability increases sharply to 0.99X; but in an inactive

mid-season, the first part of August is the calmest time of the year

 Table 12A!.

3. Fall Conditions

During fall, the "Bermuda high" pressure ridge starts to

migrate toward the southeas- of the Gulf of Mexico. September winds

 Table 14A! shift to a more northeasterly origin, 21X of winds coming

out of the northeast compared to 3X for July. Wind speeds increase
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over those of July: 11.9 are >25 mpr �1.2 m/sec!, compared to 1.7X

during July. October winds  ibid.! continue the shift to northeast

origin; almost 30X come from that direction. October wind speeds

 Table 148! also increase over those of September; 13.7X are >25 mph

�1.2 m/sec!.

Air temperatures begin to decrease during September �5.2 F

or 24.0'C! and October �1.3'F or 21.8'C!, but the sharpest drop occurs

during November: down to 61.7'F �6.5'C!. Rainfall is usually high

during September �.4 inches or 16.2 centimeters!, but during October

and November a drier period occurs: 3.2 inches  8.1 centimeters! and

3.1 inches �.4 centimeters!, respectively  Tables 7 and 8!.

The first part of the fall is the most active period for

tropical cyclones, the overall probabi.lity being 0.99X for any one day.

Most hurricanes occur during this season; the average number is 0.7 per

year  Table 12!.

4. Winter Conditions

During winter, the "Bermuda high" is usually located in

the southeast area of the Gulf of Mexico. Zn December winds out of the

northeast, north, and northwest increase, the percentage of all winds

from these directions being 24.7X, 16.6X and 8.6X, respectively  Table

15!. Wind speeds increase over those of September and October: 23.1X

are >25 mph �1.2 m/sec!, as co~pared to 11.9X and 13.7X for the latter

months, respectively.

Air temperatures are lowest during the winter season. During

December, the mean air temperature is 56.8F �3.8 C!; during January,

54.9'F �2.7'C!; and during February, 58.5'F �4.7 C!. Rainfall, however,
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increases over the fall season average, the average in December, January,

and February being 5.0 �2. 7 centimeters!, 5.9 �5.0 centimeters!, and

4. 7  ll. 9 centimeters! inches/month, respectively  Tables 7 and 8! .

Tropical cyclones are rare during this season  Table 12!.

5. S rin Conditions

The frequency and intensity of "northers" decrease during

spring as the "Bermuda high" develops again over the northwest portion

of the Gulf. During April, winds shift to an origin predominantly

out of the southeast  Table 16!: 32.6X are from the southeast compared

to 15.2X during December  of Tables 15 and 16!. Wind speeds are slightly

reduced from those of December; 52.2Z are �4 mph �.3 m/sec! compared to

32.6X �4 mph �.3 m/sec! for December.

Air temperatures begin to increase. The mean air tempera-

tures during March, April, and May are 61.7 F �6.5 C!, 68 ' 9'F �0.5'C!,

and 75.2'F �4.0'C!, respectively. The greatest increase in air tempera-

ture occurs during March �.2'F or 4.0'C! and April �.3 F or 3.5'C!.

Rainfall during the spring season is slightly less than that during the

winter season, mean rainfall during March, April, and May being 4.9

�2.4 centimeters!, 4 ' 3 �0.9 centimeters!, and 4.5 �1.4 centimeters!

inches/month, respectively  Tables 7 and 8!.

The probability of a tropical storm occurring during

this season is slightly more than during winter, but the chances are

still low, being 0.23!. The average number of hurricanes per year

during this season is only 0.02K, the lowest of the year  Table 12!.
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DE H dro ra hic Back round

l. General Descri tion

No systematic survey of the oceanography of the western

shelf along Louisiana has yet been made. The generalized picture of the

surface circulation system given in Figure 24 is a result of compiling

data and extrapolating from a variety of sources. Just south of the

Mississippi River delta the surface circulation has a northerly set,

possibly as the result of intrusion of the Yucatan current. When this

water reaches the delta it flows to the west and east. The eastern branch

forms a clockwise gyral along the continental shelf of northern Florida;

it is especially well defined during late winter and spring. The western

current is not so well defined but is presumably a boundary current flow-

ing northward; the overall net direction is probably to the northwest and

west-northwest as a result of modifications by winds, bottom topography,

and discharge waters of the Mississippi and other rivers.

A littoral drift, setting to the east, is present along the

coast near Grand Isle and may be coupled with Mississippi River dis-

charge, as suggested by satellite photographs and by the presence of high

concentrations of Escherichia coli at times in the waters of Barataria Bay.

The latter is presumed to be the result of Mississippi River input inasmuch

as it contains sewage contaminants. In addition, cells of high-salinity

waters are often present immediately off the mouth of the delta, probably

as a result of the bifurcation to the east and west of the discharge

waters of the river and the intrusion of oceanic waters between

them. Hurricanes in the Louisiana area usually have a net drift

toward the northwest. They can cause considerable modification to the
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shelf waters and generally push oceanic water onto the shore and into

the estuaries.

2. Surface Circulation alon Western Continental Shelf

The primary surface current of the Gulf of Mexico enters

through the Yucatan Channel and eventually leaves through the Florida

Straits. The extent of this intrusion into the Gulf varies with the

season; it is just evident during February and March, but by August

it becomes well defined, reaching approximately 760 kilometers across

the Gulf or almost to the edge of the continental shelf off the delta

of the Mississippi River  Nowlin and McLellan, 1967; Leipper, 1970!.

It is uncertain whether the shelf circulation off western Louisiana is

coupled with the Yucatan Current  Nowlin, 1971!, but it is generally

known by mariners and from localized oceanographic surveys that the

set of the shelf current is to the northwest and north-northwest.

Current data for a 1-year period, extracted from Scruton

�956!, were taken within an area just west of Burrwood, Louisiana,

in the Mississippi Delta  in a 1 square bound by 28'-29' north lati-

tude and 90'-91' east longitude!, and from an area just south of Grand

Isle, Louisiana  in a 1' square bound by 28'-29' north latitude and

89 -90 west longitude!. The mean current vector off Burrwood sets

toward 348 at 10.8 cm/sec, and off Grand Isle it sets toward 318

at 14.9 cm/sec. The currents off the Burrwood area have more northerly

and easterly components than those of the Grand Isle area. Monthly

data  ibid.! confirm this difference inasmuch as each of the resultant

currents off Burrwood usually sets more often to the north than those

off Grand Isle; the fall season  September, October, and November! is
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an exception to this generalization. It is appropriate to note that

during the summer months  June, July, and August! currents off Burr-

wood set due north and north-northeast. In the Grand Isle area,

currents set with a north and west component, but during the summer

months a more northerly set is evident. Wind data from Scruton �956!

for both areas are given in Tables 17 and 18. Scruton claims a

significant correlation  at p <0.02! between surface currents and winds.

The correlation coef ficients between the surface currents and winds

are r = 0.52 and 0.41 for the Grand Isle and Burrwood areas, respectively.

Additional current data for the Grand Isle area are given

in Table 19. These data were collected for a pipeline company just south

of Grand Isle within an area delineated by geographic coordinates 28'55'

to 28'57 1/2' north latitude and 89'56' to 89'58 1/2' west longitude.

More than 55X of the surface currents flow to the west  NW + W + SW!

at a median speed of approximately 1.2 ft/sec �2. 7 cm/sec!.

3. Littoral Currents

There is a littoral drift current along the shore of the

Grand Isle area. Actual measurements of the direction and speed have

not been made, but Conatser �971! has inferred its presence and

direction from sediamnt buildup on the sides of jetties and groins

extending out along the ocean front of Grand Isle. Conatser states

that waves moving out of the southeast and southwest arrive at Grand

Isle at an angle just slightly from normal to the long axis of the

beach and, as a result, they induce a li.ttoral current to set toward

the northeast. The end result is sand bul.ldup on the southwestern sides
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of the !etties and groins. The getty at the northeast end of Grand

Isle particularly shows the effects of this buildup; it has increased

by about 367 meters along its southwest side since 1958- This littoral

transport is probably in response to prevailing southerly winds inasmuch

as Conatser has observed a temporary reversal  i.e., on the northeast

side! of sand buildup along the sides of Jetties when strong easterly

winds occur. In addition, he states that discharge out of Caminada

Pass into the Gulf is, under normal circumstances, toward the northeast�

another indication of the northeast littoral drift.

4. Hi h-Salinit Cells off Delta of Nississi i River

There are cells of water off the Mississippi Delta which

have high salinities  Walsh, 1969; Bouma et al., 1971!. It has been

suggested that oceanic waters which intrude near the delta split into

an easterly and a westerly component. The result is probably a series

of uneven convergence lines where mixing of oceanic and river waters

is uneven and cells of high-salinity oceanic water are formed. Chew

et al. �962a!, using drift bottles, found that bottle returns showed

a consistent pattern of recovery from eastern and western locations

on either side of the delta of the Mississippi River. These workers

also found that stagnant or unmixed cells were often present off the

delta of the river, and they took this to mean that there were unmixed

areas of water, probably the result of the intersection of oceanic

waters with river waters. Bourns  ibid.! found that these oceanic

cells generally had higher salinities and temperatures but less

detrital and sediment content than the surrounding waters.
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5. Modification of Shelf H dro ra h b Mississi i River

At the Head of Passes, the Mississippi River branches into

three ma!or distributaries  Fig. 5!. Pass A Loutre carries 37X of the

total river discharge, whereas South Pass accounts for 29K of the total

and Southwest Pass accounts for about 15X of the total. Average river

discharges by month over 21 years are given in Table 20. Figure 25

graphically illustrates the discharge volume per month of the Missis-

sippi River. Highest discharge occurs during spring, especially during

March and April. During summer there is a sharp decline in runoff,

and by fall and early winter the river is generally at its lowest stage.

Studies near South Pass by Wright �970! show that current

vectors during flooding and ebb tides increase in velocity and change

their direction from a southerly set to one toward the southwest  Fig.

26!. Sediment distribution  Fig. 27! confirms this pattern inasmuch

as the plumes generally bend toward the southwest. The isopleth of

the 80 mg/I suspended concentration extends out approximately 6,000

meters. Vertical mixing and statification were found to be significant

functions of the distance from the river's mouth, the river's stage,

and winds  Table 21!.

6. Effects of a Hurricane on H dro ra h

Stevenson �967! collected temperature and salinity data

off the Louisiana coast before and after Hurricane Betsy in September

1965. Prior to the hurricane, the surface waters near the delta of the

Mississippi River were usually brackish to fresh and spread parallel to

the coast along the continental shelf  Fig. 28!, extending seaward

25



approximately 250 kilometers. Four to ten days after the hurricane,

the same general transects were repeated along the coast and toward

the shore at Terrebonne snd Barataria bays  Figs. 29 and 30!. The

data indicate that water temperatures at depths as great as 75 meters

increased as much as 6'C after the storm. It was estimated that the

upper 30 meters of water was disturbed out to a distance of about 90

kilometers on either side of the hurricane eye.

7. Gross Circulation of Barataria Ba

Barataria Bay is considered to be a composite of three

different hydrologic units, as shown in Figure 31. Its gross circu-

lation patterns are outlined in Figures 32 and 33  Pike and Hacker,

1972, unpublished data! in streamlines for each of the hydrologic units

within Barataria Bay under conditions of an outgoing and an incoming

tide. Estimates are given in Table 22 of the annual average flow of

fresh water through each unit; the easternmost unit, through Quatre

Bayou Pass, passes the most water per day at 1.0 x 10 ft /day. The6 3

average residence time that a particle of water spends in each of the

units is 53, 48, and 50 years for units I, II, and III, respectively.

Figure 34 presents residence times differently by dividing the areas

into three subareas, running west to east. The total time for a water

particle to move from north to south through all sections would be

3,000 days. Thereafter, transport out of the bay is assumed to be

quite rapid and to be accomplished within a tidal cycle. These da-a

imply that if a particle is located north of the boundary conditions

shown in Figure 34, then its removal will be significantly slower.
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8. Water Tem eratures and Salinities

Median water temperatures for Barataria Bay are given

in Table 23. Water temperatures during winter average 13.4'C and

during spring increase to 21.4'C. The most significant increase in

water temperature occurs during April and May; respective averages are

22.4 C and 25.4'C. Summer ~ater temperatures average 28.4'C, and

during fall they drop to 22.7'C. The most significant decrease

usually occurring during December. It is probably significant to

biological production  such as fishery harvest! that considerable

variation in water temperatures occurs during the winter and spring

months. The reader is especially directed to examine the monthly

data for variations between them and the overall average

Representative water salinities for Barataria Bay over

a 1 � year period are illustrated in Figure 35; they range from about

6 '/� to a maximum of about 15 to 16 '/... Lowest salinities occur

during April and May, and this condition appears to be directly corre-

lated with the peak discharge of the Mississippi River. Figure 36

gives isohaline patterns for the entire Louisiana coast and for some

offshore locations. The influence of freshwater influx is evident

along the entire Mississippi Delta and in Barataria and Caminada bays.

Timbalier and Terrebonne bays, however, appear to be comparatively

more saline than the former two hydrologic units; the 20 '/ , iso-

haline is located farther north in these bays.

Table 24 gives water temperatures and salinities at a

location 8 miles offshore from Grand Isle, Louisiana. Average water

temperature during winter is 16.9'C �2.4'F!, which is slightly warmer
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than in the estuaries. During spring, summer, and winter the mean

water temperatures are 21.2'C, 29.0'C, and 24.9 C, respectively.

9. Sea Level and Tidal Effects

Sea level along the Louisiana coast has been rising since

the 1940's  Fig. 37!. Data fram three recording stations reflect this

gradual encroachment of seawater. Generally, however, the mean tidal

range is small, from about 2 inches � centimeters! to 24 inches �0

centimeters! . Table 25 gives monthly data on tides along the central

Louisiana coast. Tides are diurnal, and maximum ranges recur about

every 2 weeks, alternating with minimums. The highest mean ~ater level

occurs during September and October, and the lowest levels occur during

December through March. Winds, however, modify the tides significantly

by either pushing the water out of the shallow estuaries or pushing

more in under either a north or a south wind. The marshes are rarely

covered during winter as a result of strong north winds. Table 26

gives tide data for a location offshore of Grand Isle. The mean range

is 1 foot �0 centimeters!, and maximum range is 3.3 feet  I meter!.

10. Wave Characteristics

Approximately 92X of the waves along coastal Louisiana

are 3 to 5 feet � to 1.5 meters! in height and have a period of

4.5 to 6 seconds when wind speeds are greater than 10 km/hr. Most of

the waves �3X! coze out of the southeast  Table 27!. In water depths

of 30 ae.ters, maximum wave height is about 27 feet  8 meters! but,

depending on the storm, it can be 34 feet �0 meters! every 5 years,

39 feet �2 meters! every 10 years, 46 feet �4 meters! every 25

years, 52 feet �6 meters! every 50 years, or up to 54 feet �6 meters!
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every 100 years  cf Tables 28, 29, 30, 31, 32, and 33! . On an annual

basis waves came out of the northeast, southeast, east, and south

70.9X of the time, and 71.9X of them are between 0 and 5.9 feet �.8

meters! in height  Table 34!. During April, 78X of the waves are from

the northeast, east, southeast, and south, During July, the waves shift

to a more southerly origin, 66. 7X of them coming from the southeast,

south, and southwest. During September and October, the waves shift to

an origin more from the north, as 25X of the winds come from the north-

east, compared to 3X during July. During December, the shift is

slightly more to the north  cf Tables 35, 36, 37, 38, and 39! .

The Louisiana coast is a low-energy coastline in terms

of offshore waves. Data in Table 40 suggest that during spring and

summer the intensity of offshore ~aves is at its lowest peak, but

during fall and winter a 2X to 3X increase in intensity takes place.

Figure 38 characterizes the Louisiana coast in terms of wave power

and advance or retreat of a particular section of coast. The Missis-

sippi and Atchafalaya  off Vermilion! deltas are, as would be expected,

advancing. The Barataria and Terrebonne coastlines are, however,

retreating. Along eastern and western Terrebonne this retreat amounts

to >50 ft/yr �5 m/yr! and 25 to 50 ft/yr � to 15 m/yr!, respectively.

The coastline of Barataria Bay is retreating at a rate of 12 to 25

ft/yr � to 7 m/yr!.. It is noteworthy that the annual wave power at

the 30-foot  9-meter! depth contour is greatest along the eastern

side of Terrebonne Bay  i.e., Timbalier Bay!. Figure 39 gives a plot

of the orthogonals along the entire Louisiana coast. The density of
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orthogonals is greatest of f and east of the Mississippi River delta

which suggests that this is the area of greatest wave power.

E. Biolo ical Units

l. Im ortant Ph sical Parameters

Salt marshes such as the Barataria and Terrebonne systems

are highly productive ecosystems, considered by some  Pomeroy, 1970!

to be highly eutrophic and quite stable. Their stability is apparently

enhanced by the presence of a large amount of nutrients, resulting in

turn in high and continuous primary production by means of a diversity

of species. Although the data are not complete, the most important

parameters controlling the cycle of estuarine production appear to be

weather-related or environmental phenomena. Guidelines as to which

environmental factors are important in estuarine production exist in

the research literature. For example, Riley �937! demonstrated the

significance of Mississippi River discharge in terms of nutrient input

to the northern Gulf of Mexico. Schelske and Odum �962! claimed

that primary production in Georgia estuaries is directly related to

high and continuous production by a diversity of species  i.e., marsh

grass, benthic algae, and phytoplankton!, to tidal flushing, to abundant

nutrients, and to rapid turnover rates. Odum and de la Cruz �967!

demonstrated the role of tidal currents and temperature in the formation

of estuarine detritus. Odum �971! suggested that there is a good

correlation between detritus production in an estuary and the production

of coastal fisheries contiguous to the estuary.

With the above serving as a background, Stone �972!
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regressed nineteen environmental variables on fishery harvest taken

off the Louisiana coast on a monthly basis from 1962 through 1969.

The variables are given in Table 41. The overall regression was

significant at p = 0.0001 and accounted for 97% of the data variance

 Table 42! . Stepwise regressions  Table 43! revealed that water

temperature significantly accounted for better than SO% of the data

variance, and four other variables  i.. e., tide range, sea level, air

temperature, and Mississippi River discharge! and their interactions

significantly accounted for an additional 6% of the data variance.

Inasmuch as the major fishery species of Louisiana, i.e., menhaden and

shrimp, are derived from estuaries, the assumption is that these five

or six variables probably control a significant part of estuarine

production. This does not mean that they are the only factors, and

it. should be emphasized that these variables are probably connected

or mask the effects of temperature on growth and mortality and with

the effects of the transportation of food  detritus! and nutrients.

2. Plant Communi t ies

There are approximately 4 million acres �.6 million

hectares! of marshlands in the coastal zone of Louisiana  Table 44! .

Three general marsh zones are proposed by Chabreck �972!: �! the

chenier plain zone west of Laf ayet te, �! the inactive delta zone

east of Lafayette, and �! the active delta zone or the delta area of

the Mississippi River  see Fig. 40!.

Within each zone, four general plant communities are

recognized  Chabreck, 1970 and 1972!. They are �! the fresh community,



which makes up about 30.8X of the total Louisiana marsh, �! the

brackish community, which accounts for 30.7X of the total, �! the

saline community, which accounts for 22.1X of the total, and �! the

intermediate community, accounting for 16.3X of the total  Fig. 41!.

These plant communities are based on vegetative types originally pro-

posed by Penfound and Hathaway �938!, and this system refers to the

relative salt tolerance of the major vascular species along the

Louisiana coast. In saline communities, ~S artina alterniilora

Distichlls ~s icata, Juncos roemerianus, and ~S artium Satens are the

indicator species. In brackish and intermediate communities, the

and Alternanthera At least one hundred eighteen species

species  those >5X of total! are S. alterniflora, Panicum hemitomon,

"" a

Tables 46 and 47 give the fourteen major plant species

occurring in the active and inactive delta marsh zone.  These are the

only two marsh zones pertinent to this report.!

The total acreage in terms of marshes, water bodies,

swamp, and dry land for hydrologic units in the study area is given in

Table 48, i.ee s III  Mississippi Delta!, IV  Barataria Bay!, and V

 Terrebonne Bay! . Natural marsh makes up 22.9X of: the total acreage
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Spartina patens makes up 25X of the total vegetation, and other major



in unit III, 36.4X in unit IV and 41.6X in unit V. Terrebonne Bay

 V! has more marsh than any other estuary in Louisiana, and. Barataria

Bay is second in rank.

Table 49 gives total acreage of hydrologic unit III

 Mississippi Delta! according to the four general types of marsh-plant

communities. No saline marshes are present in the delta area, probably

as the result of the freshwater input of the Nississippi River. Host

of the delta marshes are of the fresh and intermedi,ate types, i.e., 34.7X

and 44.4X, respectively, though 20s8X is brackish.

Table 50 gives similar data on the Barataria Estuary,

hydrologic unit IV. All four vegetative types are present in this

estuary, but, in contrast to the delta estuary, 30.7X of the area is

saline marsh. Fresh marsh accounts for most of the acreage, i.e.,

38,3X, and brackish marsh accounts for 30s7X of the total acreage.

Intermedi.ate marsh is not so strongly developed in Barataria as in the

delta �.7X compared ta 44.4X in the latter!. Table 51 gives acreage

estimates on vegetative types for the Terrebonne Estuary, hydrologic

unit V; percentage composition is almost identical to that of Barataria

Bay, i.e., 31.6X saline, 23.3X brackish, 6.5X intermediate, and 38. 6X

fresh.

The major plant species found in the natural marshes of

the Delta, Barataria, and Terrebonne estuarine units are given in

Tables 52, 53, and 54; no plant species were included in these listings

that made up less than 1X of the total species composition. In the

Delta estuary, the dominant. species are Phra mites communis, M~ri~h�

llum ~sicatumfanfc,um ~se ens. ~dace a monniexi, and ~Sartina altexnif lots.
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In the Barataria Estuary, the dominant species are ~haco a monnieri,

Distichlis ~s feats, Eleocharis sp., Juncos roemerianus, Panicum

flora, ~E artlna Bateau, and ~Vl na ~re ens. In the Terrebonne Estuary

the dominant species are ~Deco a monnieri, ~C erus odoratus, Distichlis

~s tests, Eleocharis sp., Le tochloa fascicularis, Penicum hemitomon,

Parens, ~I~ha spp.t t and ~Vl na ~re ens

3. ~primer Production

Primary production in Louisiana coastal wetlands has

been measured only in selected areas of the Barataria Bay estuary.

partial list of primary producers for those areas is given in Table

55. The significance of this listing is that primary production

operates on at least four levels  benthos, phytoplanktonp epiphytes,

and marsh grass! and by means of a diversity of species.

Gross production for the benthos and phytoplankton is

given in Figure 42. Phytoplankton production is at a maximum during

July and at its lowest during the winter period. Benthic production

peaks during late August and early September. Epiphytic production

is shown in Figure 43; it has two seasonal peaks, one during spring

and the other during late winter. The patterns of epiphytic and

benthic production are quite similar in that they complement production

by phytoplankton and marsh grass; their peak production generally occurs

when the latter two groups are at low production.

Total net production for ~B artina alterniflora at selected
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areas in Barataria Bay is given in Figure 44. Production is highest

during April and Nay and remains relatively high through July. Stream-

side production is always greater than inland production. Live standing

crop of S. alterniflora reaches its maximum value during September,

whereas the dead standing crop reaches its maximum value during late

winter and spring  April! . The maximum loss rate of detritus occurs

during April, and a secondary high peak occurs during September and

October. S. alterniflora is an annual plant which flowers in October

and dies back during December. Propagation of this species in the

Barataria Estuary is thought to be primarily by means of the existing

root system rather than by seeds  Gosselink, 1972, personal communi-

cation!.

Summary data on primary production for the marsh and water

community in the Baratazia Bay area in terms of dry gram weight per

square meter per year is given in Table 56. Net community production
2of the marsh grass is 764 g dry wt/m /yr for the water column. These

data illustrate the prime importance of the marsh grass inasmuch as

its net yield is some 12X to 40X greater than that of any of the other

producers. For any one year, most of this net yield probably remains

on the marsh as living plants until late winter, when the crop dies

back. The dead plant material is then broken down into detritus and

transported by high spring tides into the open bay areas offshore,

where it supports an extensive marsh fauna and the major fishery

species. Energy flow estimates for the Barataria Bay area are given

in Figure 45. Approximately 58X of the total net production of the
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estuary is used by species within its geographic confines, and about

42X is estimated to be "exported" to the offshore area.

4. Marsh Consumer S ecies

Consumer species in three different habitats common to

the marsh-estuarine system of the Barataria Bay area are listed in

Table 57.

population estimates of bacteria, on a seasonal basis,

are given in Figure 46 for the Barataria Bay area. Bacteria associated

with living marsh plants have a population peak of 10 cells per gram7

6of wet substrate during August; however, high populations  <10 cells/

g/wet substrate! generally prevail during the entire year. Bacteria

populations in the sediments are approximately an order of magnitude

lower than those associated with marsh grasses; they also appear to

be relatively constant in numbers throughout the year. In the water,

bacteria populations are about 2 to 4 orders of magnitude less than

those of the sediments and marsh grass, but 2 peaks are evident, during

spring and late summer. The difference in bacteria populations among

these three habitats is probably a reflection of adequate surface area

for growth. The available surface area on marsh grasses and sediments

presumably would be greater than that of water. Table 58 gives addi-

tional population estimates for bacteria at various locations on the

marsh grass S. alternif lors. The greatest populations occur at the

mid and bottom portions of the plant; it is noteworthy that these

areas have the greatest amount of moisture.

Seasonal biomass of zooplankton from a salt marsh area

36



east of the Mississippi River is given in Figure 47s A population

peak, about 3K that of the rest of the year, is reached during April.

Biomass estimates for various macrofauna common to the

marsh grass habitat is given in Table 59. These organisms are poly-

chaetes, Neritina, Sesarma spsp fiddler crabs, blue crabs, Littorina

sp., ~Melam us sp., and Modiolus sp. Biomass estimates are given as a

function of the distance the organisms are located from the edge of

open water back into the marsh grass for 300 meters. Figure 48

graphically illustrates these data for two areas sampled in the

Barataria Estuary. The bulk of the species biomass is located quite

close to the water-marsh interface; indeed, the largest biomass usually

occurs within the first 3 meters of the marsh away from the open water' s

edge, and probably greater than 80X of the biomass occurs within the

first 50 meters.

Biomass estimates on a seasonal basis for benthic organisms

common to the submerged sediments in the Bartaria Bay area are given in

Figure 49. Nematodes and amphipods have a biomass peak during March,

whereas foraminifera have their peak in April-May. It is noteworthy

that the distribution of these benthic creatures is clumped near the

shore or, equivalently, the water-marsh interface area  Fig. 50!.

Fish species taken in Caminada Bay, part of the Barataria

Estuary are listed in Table 60. One hundred and thirteen species of

fish were collected during this study  tgtagner, 1972!. Number of fish

per hectare x 1000 and their biomass in kilograms per hectare x 10

for the Barataria Bay area is given in Figure 51. The greatest number
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of fish occur during mid-march, and a secondary peak develops during

August. Fish biomass reaches a peak during August. The 5 most

dominant species of the sampled area are given in Table 61. Anchovy

and menhaden are first and second ranked, respectively, they are

followed by spot, croaker, and sea catfish. Generally, the other

statistics, i.e., mean number per trip, percentage of total, total

biomass per trip, and percentage af biomass, follow the ranking of the

total numbers for each species; the only exception being for total

biomass of the sea catfish. The population of the latter species was

made up of larger individuals  Table 62!. More detailed data on these

6 fish species in terms of numbers and biomass per sampling date are

given in Tables 63 and 64. Anchovy and menhaden made up >70X of the

total numbers and >19X of the total biomass. Sampling was done by

means of a 6-foot otter trawl, hand seines, and trammel nets, and so

same of the data undoubtedly reflect a sampling bias.

Seasonal biomass of fish species for other areas in the

Barataria Estuary is given in Figure 52. A strong peak is evident

during spring  March through May! and is followed by a decline through

the fall season and a sharp decrease during the winter season. An

abridged breakdown of the food used by the dominant fishery species

of the Barataria Estuary is given in Table 65.

Biomass data for the brown and white shrimp  Penaeus

aztecus and P. setiferus! in the Barataria Estuary is given in Figure

53. Brown shrimp have a peak biomass during March and early summer,

whereas biomass of the white shrimp peaks during October and November.

Estimates of seasonal abundance of marsh birds common to
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the Barataria Estuary and some qualitative data on their feeding habits

are given in Table 66. The birds are categorized into wading birds,

waterfowl, shore birds, and birds of the marsh proper. Waterfowl

�2 of the 13 species listed! are more abundant during the winter months;

6 of 9 wading species predominate during the warmer seasons. Species

af shore birds do not show a pattern either way. About 6 species are

abundant all year, and the other five are common during warm or cold

months. Figure 54 graphically illustrates these data. Ducks  waterfowl!

predominate during the winter, and waders have their largest biomass

during summer. The other bird species have relatively constant popu-

lations during the year.

5, Fisher * S ecies

For the last 10 years Louisiana has been the leading

fishery state in terms of volume, and in terms of economic value it

usually ranks amang the top five states. Table 67 gives the 1970

harvest data for Louisiana by volume and dollar value. Six species

make up 99K of the harvest volume and 98K of the economic value.

Menhaden and shrimp are the principal two species, accounting for

94X of the volume and 86! of the economic value. Other important

species are the oyster, blue crab, freshwater catfish, and crawfish.

The production and value of the major estuarine-dependent

fisheries as produced in Louisiana an a 5-year average �963-67! by

major species, by major species taken in adjacent states but produced

*Fish and shellfish
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in Louisiana, and by major species produced in each of the hydrologic

units along coastal Louisiana are given in Tables 68, 69, and 70.

Units III, IV, and V are the Mississippi Delta, the Barataria Bay

estuary, and the Terrebonne Bay estuary, which form the landward

geographic limits of the area for this study. Commercial fishing grids

13 and 14 form the offshore geographic limit  see Figs. 1 and 2!.

During 1963 � 67 the major fishery species were almost the

same as those for 1970. Menhaden and shrimp constituted 93X of the

volume and about 85K of the total economic value  Table 68!. Harvest

estimates in terms of volume and value for fish and shellfi.sh landed

in adjacent states but taken in Louisiana waters are given in Table

69. Fishery products totaling at least $5 million derived from the

estuaries of Louisiana were harvested in adjacent states. A complete

breakdown of similar data for harvest of major species for each of

the nine hydrologic units along coastal Louisiana is given in Table 70.

The Barataria Bay estuary  unit IV! has the highest total

production �,183 pounds per acre! and value  $46 per acre! of any of

the hydrologic units. Terrebonne Bay  unit V! is fourth- and third-

ranked in terms of production and value, respectively. The Mississippi

Delta  unit III! area ranks sixth in production and fifth in value.

The remainder of this section will deal with selected data

on each of the principal fishery species in the following order:

menhaden, shrimp, oyster, blue crab, and croaker.

Nenhaden  Brevoortia atronus! � The life history of

menhaden apparently follows the typical pattern of an estuarine-dependent
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species: the adults spawn of fshore somewhere along the continental

shelf and then the larvae enter the estuaries, where they undergo

rapid growth and finally leave as near � adults. The individuals

harvested off Louisiana are probably 1 ta 2 years old.

The menhaden fishery of Louisiana started in 1948 and

achieved mature status in the 1960's  Table 71!. In the 1970's record

harvests of >I billion pounds have been achieved, suggesting to some

that this species is now being exploited to its maximum.

Data on juvenile menhaden captured in each of the hydro-

logic units are given in Table 72. No data are given for the Nissis-

ippi Delta. The Barataria Bay area has the highest spring, summer, and

winter abundances, and the Terrebonne area has the highest summer popu-

lations. The average abundances of juvenile menhaden per unit effort

are one hundred thirty-one and thirty � four for Barataria and Terre-

bonne, respectively.

Production and harvest data on menhaden for each of the

coastal hydrologic units and for each of the offshore grid areas are

given in Tables 73 and 74. The largest harvest in the hydrologic units

of Louisiana for this species occurs in the Barataria Bay estuary,

production being 1,070 pounds per acre, almost 6X to 7X greater than the

production in the Mississippi Delta and Terrebonne Estuary. Maximum

offshore harvest occurs east of the study area in offshore grid 15, the

5-year average harvest being 174 million pounds.

Shrimp  Penaeus aztecus and P. setiferus! � Brown and

white shrimp species that are most significant to Louisiana, and brown



shrimp usually accounts for most of the harvest. These species are

estuarine dependent in that they usually spawn offshore, the larvae

migrate into the estuaries, and after 2 to 4 months the adults return

to the Gulf. Presumably the Louisiana harvest is made up of individuals

between l and 2 years old. The cycle of white shrimp is generally

slightly later than that of the brown, and it is apparently slightly

more resistant to environmental extremes such as low salinities.

Historical data on shrimp harvest for Louisiana are given

in Table 75. The industry has been a mature fishery since the 1920's.

Seasonal distribution of brown and white shrimp per

hydrologic unit along coastal Louisiana are given in Figures 55 and

56. During spring and summer juveniles of the brown are prevalent,

and Barataria snd Terrebonne bays have the greatest populations.

Juveniles of the white shrimp prevail during the winter and fall seasons

and appear to be more abundant in the Terrebonne Bay estuary and to the

west.

Production data for harvested commercial shrimp per

hydrologic unit along coastal Louisia~a are given in Table 76. Terre-

bonne Bay and Barataria Bay estuaries are the first- and second-ranked

areas for maximum harvest. In terms of production in pounds per acre,

Barataria Bay was first-ranked at 63.7 pounds and Terrebonne Bay was

second-ranked at 54.7 pounds. These are the prime shrimp production

areas for Louisiana. Over a 5-year period the Terrebonne area yielded

$4.5 million/yr, compared to $2.5 million/yr for Barataria.

Data for offshore harvest off Louisiana by offshore grid
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numbers are given in Table 77  see Fig. 2 for code! . Maximum of f shore

yield occurs in of fshore grid 15, which is west of the study area,

Grids 13 and 14 are offshore of Barataria and Terrebonne bays, respec-

tively. Offshore Barataria  grid 13! is second-ranked in harvest and

economic yield, and offshore Terrebonne Bay  grid 14! is third- and

fourth � ranked in harvest and economic yield, respectively. This shift

of maximum offshore harvest slightly to the west  i.e., offshore grid

15! may be a reflection of the prevailing westerly current.

0 yster  Crsssostrea ~vir inica! �. Oysters generai]y fioorish

in brackish waters having a range of salinities from about 10 /,, to

30 /Dp They are found intertidally in waters with depths of about

30 centimeters above mean low water to about 12 meters below mean low

water. Spawning occurs from early spring through October, and larvae

appear in the water from April through October. The spatfall or

larvae attachment occurs usually from 3 to 4 weeks after fertilization

and is dependent on suitable substrate--in Louisiana, old oyster shells

provide this requirement. The spatfall is best on the east side of the

Mississippi Delta, but growth is best on the west side of the delta.

As a result, oyster fishermen usually move the spatfall from the east

side of the delta to the west. Both private and state � owned water

bottoms are used in Louisiana for oyster harvest.

Historical data for oyster harvest in Louisiana are given

in Table 78. The oyster industry has been well established in Louisi-

ana since the early 1900's.

The total number of oyster grounds in Louisiana for 1969
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by parish, seed ground reservations, "red line" areas, and public reef

is given in Table 79. Over 800,000 acres are committed for oyster

culture and harvest. More than three-quarters of this area lies east

of the Mississippi Delta and hence is removed from the present study

area.

Estimates of total oyster production by pounds of canned

oyster meat per acre of leased land per hydrologic unit are given in

Table 80. No oyster production occurs in the active Mississippi Delta,

undoubtedly as a result of too much fresh water. However, the Barataria

Bay estuary is the first-ranked production area and second only to Lake

Borgne in terms of oyster pounds produced per acre leased �57 lbs/

leased acre as compared to 539 lbs/leased acre for Lake Borgne and

vicinity. Oyster harvest data by private and public grounds are given

in Table 8l. Maximum production in each occurs during the spring, and

private grounds produce more oysters than public grounds.

Blue Crab  Callinectes sa idus! � Slue crabs are apparently

common all year in all waters of Louisiana and can live in fresh water

or oceanic waters. Spawning may occur in offshore waters throughout the

year, and the larval forms migrate to the estuaries. After a residence

time of about 4 to 6 months, the individuals are mature and the cycle

is completed.

Historical data on blue crab harvest in Louisiana are

given in Table 82. It has been a mature fishery for at least 30 years.

Juvenile blue crabs are apparently more abundant in

hydrologic units I, II, IV, and V, but Barataria Bay estuary is



first-ranked in terms of pounds of production per acre, i.e., 7.9

lbs/acre. This value is approximately 3 times greater than those of

the other hydrologic units  Table 83!.

Enshore harvest data on hardshell blue crabs per hydro-

logic unit are given in Table 84A. The Barataria Bay estuary and units

east of the Mississippi have maximum harvest and dollar yield. TabLe 84B

gives similar data for soft-shelled individuals. Terrebonne Bay estuary

is the only unit with soft-shell harvest west of the Mississippi Delta.

Table 84C gives offshore harvest data on hard-shelled blue

crabs. Offshore grid 15, just west of the study area, has maximum har-

vest and economic yield. This juxtapasitioning of the best offshore

harvest areas just west of the inshore best harvest areas may be a

reflection of the pre~ailing westerly current along the continental

shelf of Louisiana.

Croaker  ~Hiero o en undulatus! � Historical harvest data

for the croaker are given in Table 85. Though this species has been

harvested since the early 1900's, some workers suggest that it is a

fishery not being fully used and one which could be exploited approxi-

mately 6 times the volume of its present harvest.

Data on the distribution and abundances of juvenile

croakers in Louisiana estuaries are given in Table 86. The largest

populations occur from Barataria Bay to the west. Abundances are

greatest during the spring and somewhat lower in the summer.

Harvest data an croakers per hydrologic unit along coastal

Louisiana are given in Table 87A. Harvest production is greatest west

of the present study area, in hydrologic unit VII', along the chenier
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plains of the coast. Terrebonne and Harataria estuaries are second-

and third-ranked among the hydrologic units in terms of croacker

production per acre.

Inshore harvest data on croakers between 1963 and 1967

are given in Table 878, Inshore harvest and economic yield are about

the same among hydrologic units I, II, IV, and V. Table 87C gives

data on harvest of croakers offshore of Louisiana. Maximum harvest and

dollar yield occur in offshore grid 13, just off the Terrebonne Estuary.

6. Miscellaneous Consumer S ecies

Seasonal estimates are given in Table 88 on waterfowl

common to southeast Louisiana. Winter and fall populations are the

highest for all four types of waterfowl listed; the total estimated

population for both seasons is 4,542,000 birds, and the total during

spring and summer is 560,000 birds, or a difference by a factor of

approximately 9X. An important feature implied by these data is that

the marsh or coastal wetlands support a large population of migratory

species, none of which, apparently, overlaps any other to a significant

degree.

Data on the nutria and muskrat fur and meat industry of

Louisiana are given in Table 89. Estimates are also given as to the

density of muskrats per 100 acres in each of the hydrologic units

considered in this study. Highest densities of 285 animals/100 acres

are found in the brackish marsh area of Terrebonne Parish. The total

6
dollar value of pelts and meat in the 1969-70 season was $6.8 x 10

6
and during the 1970 � 71 season was $5. 2 x 10 . Prior to the introduction

of the nutria into Louisiana during the 1940's, the muskrat was the only
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species of animals found in the coastal wetlands involved in the fur

and meat industry. In 1966, the peak production of nutria was 1.5

million animals, and muskrat production was dramatically reduced.

Since then, it appears, the muskrat and nutria have been reestablishing

a stable interspecific relationship, though the harvest data of Table

89 indicate that nutria accounted for about 48K of the fur market and

86X of the meat market.

Alligator populations are apparently on the comeback in

Louisiana, though as a species they are still on the endangered list.

Table 90 gives population estimates in the general marsh zones, i.e.,

subdelta and active delta, part of which make up the study area. The

greatest populations are in the subdelta zone; about 42,000 alligators

are estimated to be on private lands and abo~t 7,000 on public lands.

The total population of this animal in both marsh zones is estimated

to be approximately 63,360. It is believed that an oil spill per se

would not bother the alligator unless the oi 1 were dif ferentially

absorbed by their eggs, causing high mortals ties. However, because

the alligator feeds ~ainly on blue crab, crawfish, muskrat, nutria, and

raccoon  all of which are quite dependent on marsh grass!, the spill

might affect this species adversely in an indirect way by decimating its

prey or the younger forms of its prey.

7. Offshore Communities

population estimates of maj or fishery species harvested

offshore of Louisiana have already been discussed. Nore work is needed

on the ben.thic communities and on the distribution and abundance of
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larval and j uvenile forms in the of fshore areas. Parker and Curray �956!

classified three common macroorganisms of the central Gulf Coast in

terms of the number of species found in a given gradient of salinity.

His categories include gastropods, crustacea, and pelecypoda. The

greatest number of species, i. e., twenty-three, occurs in more saline

water �5 '/ to 45 /, !. There is a corresponding decrease in

species as the salinity is decreased. Table 91 gives the estimated

number of genera and species for five benthic forms common to the

central Gulf Coast. Pelecypods and gas tropods predominate the

community species makeup  Table 91! . More detailed data on various

offshore communities are given in Table 92, but still this represents

only a qualitative expression of part of the offshore communities.

The Gulf Coast Research Laboratory at Ocean Springs,

Mississippi, recently published results of an extensive survey on

nektonic and benthic forms carried out of f Mississippi from 1967 through

May 1969  Franks et al., 1972!. Fifty Invertebrate species and one

hundred twenty-three fish species made up the collection. Renilla

mulleri was the most abundant invertebrate, and the brown shrimp

 P. aztecus! was the second most abundant. The five most abundant

fish were the croaker  ~N cro o on undulatus!, the longspine porgy

 gtenotomus ~ca rinus!, the butterfish  poronotus tricanthus!. the spot

 Leisotomus ranthurus!, and the seatrout  ~noscion nebulosus!. These

species accounted for 81% of the numerical catch. Commercially important

fish made up 93% of the total fish catch.

8. General Overview of Biolo ical Units

Three major biological components of t' he Barataria Estuary



of Louisiana are listed in Table 93. The first component is made up

of the most important physical factors, such as insolation, air and

water temperatures, rainfall, water level, and river input. The

second component is made up of the primary producers, such as marsh

grass, phytoplankton, and epiphytic and benthic algae. The third

component is composed of the major consumer species, such as bacteria,

fungi, meiof auna, zooplankton, menhaden, shrimp, and birds. Also

given in Table 93, in an effort to summarize the previous sections on

biological units as succinctly as possible, are the gross seasonal

changes in each of these parameters or populations. This summary

approach may result at times in circu1ar reasoning, and the reader is

forewarned to be cautious in this regard. These components operate

primarily in the estuaries of Louisiana, such as Barataria Bay, but

the offshore area is an integral part of the system and is separated

only for convenience of presentation and because it has not been

studied as extensively as the marsh area.

An important feature mentioned in the caption of Table 93

but not emphasized is the fact that these components operate within

a unique geological and geographic context. Geological processes have

established a nutrient-rich environment, and because of the resulting

configuration these nutrients are probably continually being entrained

into the estuaries. The geographic context is the location at approxi-

mately 30' N latitude, which provides the area with abundant rainfall,

solar insolation, warm air and water temperatures, and a long growing

season. Host of the variables have a seasonal pulse or high--see,
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for example, insolation, air and water temperatures, primary production,

and all of the consumer species. Primary production is almost continuous

throughout the year; this is accomplished not by one group but by pro-

duction by one group followed by production by another group. Animal

production is somewhat continuous throughout the year by alternatio~ of

groups of migratory species  i. e., shrimp, menhaden, birds, etc. ! .

The physical factors in Table 93 are primarily those

influencing the weather. Before manmade levees vere constructed, the

rivers and bayous of Louisiana annually overflowed their banks, thereby

adding water, nutrients, and sediments to the estuaries. The construc-

tion of Levees, however, has eliminated this type of input, and now

rainfall and estuarine exchange are the principal means of input. It

is appropriate to note that the physical factors, particularly rainfall,

mean water level, river input, and winds show a pattern of complementing

and/or supplementing one another. For example, maximum rainfall occurs

during the summer, when tidal action and winds are reduced and river

input is on the decline. The end result is presumably sufficient water

to "run" the system.

The important feature about the listing of the primary

producers is that primary production operates on four levels and by

means of a variety of species within each level. This type of system

ensures high, continuous, and stable production. For example, marsh

grass production is highest during spring, and phytoplankton production

is highest during summer. In addition, production by benthic algae is

high during fall and at a maximum during winter, the maximum occurring
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in conjunction with maximum production by ep~ phytic algae. Another

important feature, though not evident on Table 93, is that marsh

grass apparently provides the bulk af "surplus" production to the

consumer species  see Table 56 and Pig. 45!. Also, the impact of

marsh grass production is not apparent until the following year, when

the dead grass is converted into detritus.

The pattern for major consumer species as given in Table

93 is not so clear-cut because the data are not complete. Vi onetheless,

certain features seem important, First, there is always a high popu-

lation of bacteria and fungi � probably essential for the initial

conversion of the marsh grass to detritus. Second, the meiofauna

associated with the marsh area are highly clumped in their distribution,

most of them being located at the marsh edge-water interface. And,

finally, a variety of species make full use of the estuary by means of

their migratory habits. This presumably allows for maximum animal

production of a particular species at one time and maximum production

of another species at another. See, for example, the migratory

patterns of shrimp, menhaden, and birds. One example of this sequential

couplin.g is seen in menhaden. production. During spring it is coupled

with high zooplankton production. According to June and Car1son �971!,

the early stages of menhaden shaw a preference for zooplankton; later

 during summer! the larvae shift to a food preference of phytaplanktan,

and summer is the time of maximum phytoplankton production.

F. Selected Cultural As ects

1. Archeola ical Sites

There are at least twenty-one known archealogical sites
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in the s tudy area, as shown in Figure 57. Sixteen of these are east

of Bayou Lafourche and surround Caminada and Barataria bays. Most

are beach deposits. shell mounds, and midden  ~Ran ia sp.!, as

described in Table 94.

The impact of a Superport and its activities on these

sites would be in terms of �! ancillary developments of the Superport

being located on or near them, such as tank farms and pipelines, and

thus possibly damaging or destroying them and �! possible cleanup

activities associated with an oil spill that might also damage the

sites.

2. Peo le and Some of their Activities

The parishes  counties! of Louisiana are shown in Figure

58, and the readers are especially directed to the coastal parishes.

Estimates on. populations in parishes in and bordering the coastal

wetlands of Louisiana are given in Table 95. Plaquemines, Jefferson,

Lafourche, and Terrebonne parishes are especially pertinent for the

requirements of this study. In 1960 the estimated population density

in each of these was 22.9, 510.0, 47.9, and 43.7 per square mile,

respectively. The estimate for Jefferson Parish is not representative

of other coastal parishes because part of this parish is contiguous

to the city of New Orleans. Nonetheless, the data illustrate that,

even though coastal Louisiana is not densely populated, all parishes

are showing a net increase in population. Additional data for projected

population growth through 1985 in the parishes of Louisiana are given

in Tables 96 and 97. Region 1, which includes the study area of this



report, had the largest population increase in the entire state between

1960 and 1970, at 29. 9X. Further, these data project that this area

will also have the largest population growth through 1985  Table 96!.

Table 97 gives the breakdown of these data by parishes within area l.

This population increase undoubtedly means that additional

recreational demands will be made on the study area. Twenty-four

recreational activities enjoyed in the Louisiana area, especially region

1 of the study area for this report, are listed in Table 98. Nore than

39X of these activities are enjoyed outdoors, particularly in the

coastal wetlands. Data on user-days for areas lA and 18 projected from

1970 to 1980 are also given in Table 98. For all activities, except

those marked with an asterisk, user-days in outdoor' activities related
6

to the coastal wetlands will increase by about 25X from 29 x 10 user-

days in 1970 to 51 x 10 user-days in 1985.6

G. Observed Effects of Previous S ills Of f Louisiana

1. The Chevron and Shell S ills

Two major spills have occurred recently off the Louisiana

coast. The first spill was at a platform owned by Chevron Oil Company;

it started February 10 and lasted until March 31, 1970. The location

of this spill was east of the Mississippi River in the Main Pass Oil

Field and is shown on Figure 1 by CH. The second spill was at a

platform owned by Shell Oil Company; it started December 1, 1970, snd

lasted until April 16, 1971. The location of this spill was approximately

7 miles  ll kilometers! south of Timbalier Say and is shown on Figure

1 by SH.

The Chevron spill was monitored by a variety of federal,
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state, and private agencies. At least two reports on this spill were

published. One was prepared by Alpine Geophysical Associates, Inc.,

Norwood, New Jersey, for, the Environmental Protection Agency  EPA!

in May 1971. under the title "Oil Pollution Incident; Platform Charlie,

Main Pass 41 Field, Louisiana." The other report was published by

Murray et al. �970! under the title "Oceanographic Observations and

Theoretical Analysis of Oil Slicks During the Chevron Spill, March

1970." The U. S. Geological Survey  personal communication from CEg,

1972! estimates that the total volume of oil spilled at and about the

Chevron platform was 30,500 barrels  about 4,200 metric tons!.

The Shell spill was also monitored by a variety of

federal, state, and private agencies. At least two reports were

published on this spill, One was prepared by Resources Technology

Corporation, Houston, Texas  for the EPA!, under the title "Fate and

Effect Studious of the Shell. Oil Spill � -December 1970." The other

report was prepared by Texas instruments, Inc., Dallas, Texas, under

the title "Oceanographic and Remote-Sensing Survey"  a supplementary

report was also included!. Estimates of the total volume of oil

spilled at and about the Shell platform range from 25,000 barrels,

made by Shell OiI Company, to a 53,000-barrel estimate by the U. S.

Geological Survey, and finally to a 90,000 � to 119,000 � barrel estimate

by the EPA. These volume estimates are equivalent to 3,500, 7,420,

12,600, and 16,660 rrretric tons, respectively.

The reports on the Chevron spill mainly document the

oceanographic observations made on the oil slicks as a function of



winds, surface currents, and tidal currents. In general, Murray

et al. �970! found that the stress ot the wind on the water's surface

was the most important factor in determining the behavior of the oil

slicks, especially when the winds were >15 mph  >6.7 m/sec!. Tidal

currents caused the oil slick to assume an L shape when the winds werc

<15 mph  <6.7 m/sec!, and their diurnal rotation helped to keep the

slick away from the shore. Freshwater input from the Mississippi. River

also served as a barrier between the shore and the oil slicks by the

development of convergence lines between fresh and saline waters. The

width/length ratios of the oil slicks were found to be independent of

current speed. iMurray �972! developed a model for prediction af gross

size and overall shape of the oil slick; it is based on Fickian diffu--

sion equations. The geometry of the oil slick is defined as a functio~

of current speed, horizontal eddy diffusion, the ail discharge rate,

and a boundary concentration determined empirically.

Apparently no significant biological damage resulted

from the Chevron Spill. Na fish, bird, or other animal kills were

reported. Na data are given on various marine populations surrounding

the platform. It is especially noteworthy that chemical dispersants

were used  i,e., 1,000 barrels of "Corexit" and 500 barrels of. 'Cold

Cream" !, despite the fact that studies on oil spills elsewhere docu-

ment the fact that dispersants are invariably more toxic than the oil

itself and probably should not be used  see ;-he article by Mills and

Culley, 1970, as one example of the toxicity problem af dispersants!.

The reports on the Shell spill are more detailed than
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those on the Chevron spill in terms of data on marine populations in

and about the spill site. In general, slick orientation was best

correlated with the near-surface current, the 10-foot �-meter!

depth, and wind vectors. When the winds were out of the east, south-

east, and south the surface water and the oil slick showed a net

movement and set toward the northeast and north  Figs. 59 and 60!,

Under these conditions, oil reached the beach just northeast of Bay

Champagne. When the winds changed to a set toward the west and south-

west, the surface movement and slick orientation were approximately 230

to 240', or toward the southwest  Fig. 61!.

Biological sampling, though not definitive, was somewhat

more detailed and intensive for the Shell spill than the Chevron spill.

Stations were occupied at approximately every mi.le, out to 7 miles,

from the platform along at least three transects. These transects

had sets of approximately south, north, and northwest. Within the

limited sampling program, the overall conclusion was that benthic and

fish populations about the platform had been stressed as a result of

exposure to petroleum hydrocarbons, but some recovery was apparent.

Data on hydrocarbon concentration in the sediments along each of the

transects are given in Figure 62. It also gives the composite

distribution of species in terms of simple diversity, mean diversity

per sample, crab catch data, and composite meiofaunal mean along each

transect out from the platform. The report states that a weak negative

correlation generally existed between the presence of. high concentrations

of hydrocarbons in the sediments and low abundances of epifauna and
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infaunal species. This correlation should mean that areas having

high concentrations of hydrocarbons have low abundances of species

and individuals. Numerical data extracted from these figures are

given in Table 99, and they confirm the above correlation; but it

is not a strong relationship, probably because of considerable variance

resulting from sampling problems. The north transects for simple

diversity, mean diversity, crab data, and composite meiofaunal mean

consistently showed a negative correlation with hydrocarbon contents

at -0.63, -0.13, -0.46, and -0. 36, respectively. The south transects

had all positive relationships and had generally the lowest hydro-

carbon concentrations. The northwest transect had positive and negative

relationships. Limiting sampling to north,,south, and northwest

transects may have been unfortunate because the orientation of the

slick near the platform, as shown in Figures 59, 60, and 61, appears

to be, depending on the wind, either toward the northeast or the south-

west. Inasmuch as wind data taken from the oceanographic report on

the Shel1. spill  Table 100! show that January winds came mainly �5/ of

the time! from the north, northeast, south, and southeast, it may be

logical to assume that transport would be predominant to the right of

the wind direction and hence oil stress might predominate along an

axis running northeast to southwest. Thus it is likely that the

hydrocarbons would also take an overall distribution along a southwest-

northeast axis. It is possible that the particular transects used for

sampling may not have crossed ar coincided as much as they could have

with areas affected by oil.
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In general, the Shell report concludes that the epifauna

and infauna decreased in numbers as the platform was approached,

particularly within the first 2 miles  Fig. 62'i. The average number

2of benthic creatures was about 13,000/m within a 1-mile radius, but

beyond the 2-mile radius the density of organisms went as high as

2
32,000 and 48,000/m . Grab samples also indicated a decrease in the

number of organisms on approach to the platform  Fig. 62 and Table

99!. A limited examination of the histology of fish gill filaments

 only 6 species! showed Chat some epithelial cells were being sloughed

off and that some gill f ilaments were swollen, presumably as a result

of exposure to oil. The fish examined were collected along the north

and northwest transects. The invertebrate form, stomatopods, was

suggested ta be an indicator of environmental or oil stress because

no adult stages were taken within 4 miles of the platform.  The

adults are burrowing benthic creatures and the larvae are planktonic. !

The absence of adult stomatopods was taken as an indication that the

oil had settled into sediments and then probably was being transported

back and forth, recurrently, between the water surface and the

sediments

The Shell spill was also monitored, to a limited extent,

by state officials  Adkins, 1972!. Their report concluded that there

were no differences in the plankton as a result of the spill; the

baseline data for this conclusion extended back 4 years, but they were

not included with the above report, No dead organisms were reported

in the spill area, but same dead ducks were found in an oil slick an
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Isle Dernieres, which is located on the extreme southwest corner of

Terrebonne Bay, a considerable distance  about 30 miles or 48 kilo-

meters due west! from the spill area. These conclusions need to be

verified with more and better data than those attached to the report.

Yeast populations were monitored by Meyers �971! during

the Shell spill. The succession of yeast species and their popu-

lations in oil-free waters and in oil-stressed waters for 13 weeks

after the spill is listed in Table 101. In oil-free waters, yeast

populations are relatively sparse, at concentrations of 0 � 10 cells per

100 millileters, and are made up predominantly of the species complex

Rhodotorula/ as well as Debaryyom ces hansenil and

cutanum. After 13 weeks, the concentrations of yeast populations

returned to the baseline level of 	0 cells/100 ml, but species of the

Rhodotorula/ complex were absent. Meyers  ibid.! believes

that the latter and other species known as oil-decomposing types dis-

appeared despite oil-enrichment because nutrients  probably nitrogen

and phosphate! became limiting. Oil decomposition presumably cannot

occur at a rapid rate without an adequate N/P substrate,

2. Other Studies on the Irlr act of Oil on Louisiana Estuaries and

Coastal Waters

Zobell and Prokop �966! studied oil-oxidizing microbes

S9

see Table 101!, the former group underwent a bloom and their populations

increased to concentrations of 
00 cells/100 ml. After 6 weeks, the

concentrations of yeast populations increased to 
00 cells/100 ml,



in mud samples taken from Barataria Bay and found them in abundance

 see Table 102!, possibly because this area is under chronic hydro-

carbon stress as a result of extensive development of the petroleum

industry. Mackin studied the effect of crude oil on a variety of

Louisiana marsh grasses  Table 103!. The grass species included

salt grass  Distich is ~sfca!, salrwort  Bastis sp.!, glass wort

 Salicorni.a ~bs sloii!, cordgrass  ~S artina altsrniflora!, and young

mangroves  Avicennia sp.! ~ The oil was retained in 16 ft �.7 m !2 2

pens � x 4 feet or 1.3 x 1.3 meters! with wooden bulkheads. Though

estimates of absolute concentrations are not given, it can be assumed

that there would be at least 4 inches �0 centimeters! of standing

water surrounding the base of the plants; this assumption implies

that the total volume of water in each pen would be approximately 25

gallons �14 liters!. Thus for each dosing level given in Table 103

the equivalent absolute volume is estimated at 0.16X, 0.32X, 0.65X,

and 1.31X, respectively. Plant damage is first indicated at the 0.65X

concentration level. At the 1.31X level, 25X specimen mortality

occurred after 2 months, and only 10X of the plant specimens survived

after an exposure lasting 1 year. These data strongly imply that

long-time exposure at relatively high concentrations is quite lethal

and that immediate and rapid cleanup in a spill area is therefore very

critical and essential.

Studies by Crow �972! on yeast populations under oil

stress in the marshes of Barataria Bay show the same general species

succession as observed by Meyers �971! offshore during the Shell spill.
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A series of plots of ~S artina alterniflora were given nonthly doses of

crude oil at approximately a 1Z concentration. Yeast species from the

marsh plots. However, after treatment with crude oil, species with

known capabilities far decomposing oils assume dominancy; these species

Rhodos oridium complex  Table 104!. It is significant that the can-

centrations of yeast cells in the oil-treated plots were considerably

higher than those of the untreated plots  Fig. 63! . For example,

during June and July oil populations were about 8 times greater than

in untreated plots. Thus yeasts of bath water and sediments appear to

respond similarly ta oil treatment in that species and numbers of the

Rhodotorula/Rhodas aridium complex Increase. types did

not develop in the treated water samples as well as they did in

marshland sediments.

Extensive studies on Louisiana oysters in relation to

marinum. Lund �957! studied the effect ofcalled

crude oil on Louisiana oysters and found that there was no apparent

effect on the oyster's ability to clear suspended material from the

water it pumps through its system.

Toxicity studies  Mills and Gulley, 1970! on four species

61

the ail Industry were made under Pro]ects 9 and 23, starting in 1947

and continuing into the 1960's  Mackin and Hopkins, 1961!. The general

conclusion was that the oil operations were not responsible for wide-

spread mortalities but that more likely the causal agent was a fungus



marine shrimp, including both brown shrimp  Penaeus aztecus! and white

shrimp  P. setiferus!, were made. Static bioassays were employed using

four types of crude oils  Table 105!. Tests lasted over a 48-hour

period, and mortalities were recorded as a function of time and con-

centration. The results are given in Table 106. It was found that the

oil dispersants were more toxic than the crude oil. The ail type

Q � 4-D was the most toxic and had a gas-oil fraction of 40X, the highest

value af all the four crudes used  see Table 105!. Median lethal

concentration at 48 hours �8 hr LC50! for Penaeus shrimp ranged from

1 to 40 ppt �.1X to 4X!. Concentrations from 7.5 to 75 ppt �.75X

to 7.5X! caused 100%%u mortalities. Mixtures of crude oil and emulsi-

fiers were considerably more toxic than either the crude oil or the

dispersant by itself. No correlation was apparent between shrimp

mortality and the sulfur content of the crude oils.

Qualitative toxicity data using the common guppy  Lebistes

reticulatus!, crude oils, oils innoculated with yeast, and dispersants

were collected by Ahearn et al.�971!. Louisiana crude was lethal at

a 4X concentration within 24 hours, whereas the high-asphalt Missis-

sippi crude had no adverse effect at 4X V/V on guppies over a 30-day

period. The dispersant  same type used in several oil spills on the

coast! killed the guppies within 8 hours. The addition of fungal

culture did nat apparently affect the test fish.

Though not a research task af this report, it is perti-

nent to add that the oil industry has other environmental effects

besides causing oil stress on various populations. A major stress is
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the disruption and changes in the natural drainage of the marshes

a resulting from channels and pipelines dug expressly for oil

exploration and production  see Fig. 64 as an example!. Gagliano

and Day �972! estimate that approximately 35X �.8 mi /yr or about.2

1,500 hectares! of all land losses in coastal Louisiana result from

dredging activities- � much of which are due to the petroleum industry.

They further estimate that at least lOX  800,000 acres or 324,000

hectares! of the total coastal land of Louisiana will eventually

be modified by petroleum-related activities.
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IV. DRIFT PREDICTIONS FOR OIL SPILLS

A. Surface Circulation Based on Hansen's Model

1. Descri tion of Hansen's Model

Reproduction of the surface currents in the study area

was done by means of the Hansen model or the Hydrodynamical Numerical

model  HN!  Laevastu and Rabe, 1972; Laevastu, l972; Larsen and

Laevastu, 1972!, a single-layer model that can be used for describing

the surface circulation of semienclosed bays, estuaries, or coastal

areas having three open boundaries. The study area satisfies the

third condition. Laevastu and Rabe  ibid. ! provided the model with

transport and diffusion equations so that the distribution of pollutants,

such as oil, could be computed. The model is based on vertical inte-

gration of the equations for motion and for continuity. The input

data were �! tides typical of the Louisiana area of the Gulf  taken

from Marmer, 1954!, �! bathymetry, as shown in Figure 10  taken from

Coast Guard maps for the Lousiana coast!, �! Coriolis parameters of

-4
0.73 x 10, �! a smoothing parameter, alpha, of 0.980, �! a wind

vector per run typical for the study area and/or seasonal wind changes,

and �! a Austauche Coefficient of 0.25 x 10, as determined by the5

grid size and time steps used. The grid size and number used are

2shown in Figure 65; each grid is equivalent to an area of 29.6 km

2
�1.4 mi !. The computer program for this model makes rather extensive

demands for machine time because it must usually be run about 5 to 10

hours real time � to 10 minutes machine time! in order that equilib-

rium be established and correct outputs be obtained. All data outputs
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were taken after 5 hours real time. Equilibrium was verified by

plotting water height for any particular grid as a function of time
and checking to see if the tidal cycle showed any variations. Figure

66 gives water levels over a 30-hour period; variations appear to be
very small from any one part of the tidal cycle to its counterpart

at a later time.

The schedule of this project did not allow for testing

beyond 30 hours real time; additional testing is needed for more

adequate verification of the program's stability under the given

Louisiana conditions. Also, the HN model was not modified so that

permanent currents, simultaneous wind fields, and river input could
be incorporated into the final surface current projections. We

attempted this modification, but some of our output data became un-

realistic, and on the advice of Laevastu  October 1972, personal

communication! these changes were postponed.

2. Surface Circulation in Stud Area Based on Hansen's Model

Current vectors in the study area for each of four ti~es

during one tidal cycle, i.e., low tide at 13 hours �6,800 seconds!,
at 17 hours �1,200 seconds!, at 20 hours �2,000 seconds!, and at

22 hours �9,200 seconds!, and high tide at 26 hours  93,600 seconds!

are given in Figure 67. The wind vector used during these analyses

is toward 280' at 7 m/sec. This wind vector was taken from the data

of Scruton, as given in Tables 17 and 18. The resultant wind direction

for an area 1 square off Grand Isle, Louisiana, according to Scruton's
data, is toward 280'. The speed 7 m/sec was derived from the data of



Glenn, given in Table 108, which shows that 48X of the winds on an

annual basis are between 10 and 19 mph, and so 15 mph was chosen as

a "mean" or representative wind speed. Table 107 gives numerical

data for each current vector per grid in terms of direction   north!

and speed  cm/sec!.

Current vectors at 13 hours �6,800 seconds! show a net

movement to the north and north-northeast, toward the shore, as would

be expected during low tide  Fig. 67A!. Strong currents �0 to 60

cm/sec! are evident near the shore or near the landward boundary

 Table 107A!; this may be a boundary problem not adequately treated

by the program, and so a certain amount of reserve is necessary in

extrapolating from the grids next to the shoreline.

Current vectors at 17 hours �1,200 seconds! are mainly

toward the east  Fig. 67B!, and the resultant direction is approxi-

mately northeast �5'!. Offshore currents are greater than those of

low tide  cf Tables 107A and 107B!. The currents in the gzids near

the shore are somewhat reduced but are still strong and still setting

in the same general direction  to the east along the shore!.

Current vectors at 20 hours �2,000 seconds! shift more

to the east than those of 17 hours  Fig. 67C!. This projection is

approximately at mid-tide, between high and low tide, and the currents

in the grids closest to the shore show a substantia1. decrease in speed

 Table 107C!, reduced to �0 cm/sec.

Current vectors at 22 hours �9,200 seconds! show a net

movement more to the east  toward 90'! and some to the east by south
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 about 100'! when compared to 20 hours  cf Figs. 67C and 67D!. Speeds

are generally reduced, though currents close to the shore show a

slight increase over those of 20 hours  Table 107C!.

Current vectors at 26 hours  93,600 seconds! show a net

movement away from shore to the south �80 !; some move to the southwest

 about 225'!. Current directions near site 1  grid 14, 17! are toward

218'; in the same general area some currents set toward the south~est

�18' to 263'!, and some set to west by south. Current speeds in the

grids closest to shore are again well developed and strong  up to 75

cm/sec! .

B. Casualt Oil S ills

1. ~Stud Conditions

The Hansen model was used to predict the distribution of

oil at the two casualty sites, i. e., C and C  Fig. 1! . This model is

briefly described in a previous section  IV A!. The dispersion of oil

units per grid per unit time; this means that the cumulative sum of oil

units is more than the total of the original spill, and so the projec-

tions of distributions and abundances must be viewed with some caution

until a more detailed computer program can be developed. However, it

is believed that, as order of magnitude estimates, the projections are

probably reasonable and valid.

Four wind condi tions were used: �! winds coming out o f

the northeast or blowing toward 225' at 7 m/sec, �! winds coming out

of the east or blowing toward 280' at 7 m/sec, �! winds coming out of

the southeast or blowing toward 315' at 7m/sec, and �! winds coming



out of the south or blowing toward 360' at 7 m/sec. It is assumed

that these winds reflect average or prevailing conditions in the study

area  see III C!. Table 108 summarizes the study conditions for oil

spills projections. No permanent currents or river inputs were used

in these preliminary analyses. This should be done, at a later time,

in order to reflect more accurately total drift conditions. Initial

studies with permanent currents and river inputs provide the circu-

lation with a more northerly set above or north of site I and a more

westerly set near and about site 2. However, these additions cannot

be used until the computer program is developed and refined for such

inputs

Two types of casualty spills were assumed  see II B!,

i.e., a 500 � ton spill and a 30,000 � ton spill, both with a release

time of 2 hours. The oil was not spilled until the model had operated

for 5 hours real time � minutes computer tine! in order to satisfy

the equilibrium requirement.

2. Northeast Winds

Oil spill distribution under northeast winds blowing

toward 225' at 7 m/sec. is given in Figures 68, 69, and 70. The

distribution of a 30,000-ton spill at C through 20 hours real time is

given in Figure 68. Fi.gute 68A shows the distribution of the oil at

7 hours � hours after the start of spilI!. The oil spill has developed

a strong east-west axis. Figure 68B shows the distribution of the oil

at 15 hours �0 hours after the start of the spill!. The east-west axis

is still evident, though some discontinuities are present, and the oil
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is shifting more to the east and to the south. The general drift

of the oil is to the south and along an east-west axis. Also, a

small amount of oil has moved to the north.

Figure 69 shows the distribution of a 500-ton spill at

C through 10 hours of real time. Winds are, as before, blowing

toward 225' at 7 m/sec. After 10 hours � hours after the start of

the spill! the oil has taken an east-west orientation, snd some drift

is evident to the south. Oil drift is slightly more to the west than

to the east.

Figure 70 shows the distribution of a 30,000-ton spill

at C through 10 hours real time � hours after the start of the spill!.

Figure 70A shows the oil distribution after 7 hours. The spill is

oriented west to east and slightly more to the west than to the east.

After 10 hours  Fig. 70B!, the spill still has a west to east orien-

tation, but some drift to the south has occurred. The grids due west

of C, just off Timbalier Bay, show some presence of oil. It is likely

that some oil would enter this estuary if further projections were

made.

On the basis of northeast winds, Cl and/or Sl appear to be

"bet ter" locations because the general surf ace dri f t does not carry the

oil near the estuaries. All the oil spills at C and C have an axis

in an east-west direction and some general drift toward the south.

3. East Winds

Figures 71, 72, and 73 show oil spill distribution under

easterly winds blowing toward 280' at 7 m/sec. Figure 71 shows the
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distribution of a 30,000-ton spill at C through a 20-hour time

period. Figure 71A shows the oil spill after 7 hours � hours after

the start of the spill! . The orientation of the spill is along an

east-west axis and slightly to the west, and some drift is evident

toward the north. Figure 71B shows the oil after 10 hours; the east-

west axis is still evident, but the drift is no longer to the north.

Figure 71C, showing the oil distribution after 15 hours �0 hours

after the start of the spill!, indicates that the general orientation

of the spill is still along an east-west axis, but there is some

extension toward the east. The northward movement evident during the

initial stages is no longer apparent. Figure 71D shows the oil after

20 hours  H hours after the start of the spill!. The oil distri-

bution is now more to the east than be f ore, but the east � wes t orien-

tation is still strongly developed.

Figure 72 shows the distribution of a 500-ton spill

through a 30-hour  real time! period. Figure 72A shows the distri-

bution-after 10 hours � hours after the start of the spill! . The

general orientation of the spill is along an east-west axis, and there

is some drift toward the northeast. Figure 72B shows that the oil

distribution after 15 hours is still along an east-west axis. Figure

72C indicates the oil distribution after 25 hours. The oil has now

shifted more to the east, and some drift is evident toward the north.

Figure 72D shows the oil distribution after 30 hours �5 hours after

the start of the spill!. The net drift is now predominantly to the

east and northeast.
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Figure 73 shows the distribution of a 30,000-ton spill

at C under easterly winds through 30 hours,. Figure 73A shows the

oil distribution after 10 hours. An east-west axis has developed,

and there is shift more to the west than to the east. Figure 73B

shows the oil distribution after 15 hours. A strong east-vest axis

has developed and there is some drift toward the northwest. Figure

73C, which shows the oil distribution after 25 hours, indicates that

a shift to the east and northeast has occurred, but the east-west axis

is still present. After 30 hours  Fig. 71D! the entire area north of

C is covered by oil. Et is highly probably the oil would enter all

estuaries under these conditions.

Under easterly winds C and/or S appear to be the

"better" location. The oil spills have a general orientation along

an east-west axis and a slightly stronger easterly component.

Southeast Winds

Figures 74, 75, 76, and 77 show oil distribution under

southeast winds blowing toward 315 at 7 m/sec. Figure 74 shows the

oil distribution of a 500-ton spill at C through a 20-hour period.
1

Figure 74A shows the oil distribution after 7 hours � hours after

the start of the spill! . An ease-west axis has developed, slightly

stronger to the west, but some movement toward the southwest is also

evident. After 10 hours  Fig. 74B! a westerly to southwesterly movement

is indicated. Figure 74C shows that af ter 15 hours the same pattern is

evident, i.e., to the west and southwest..Figure 74D shows the oil

distribution after 20 hours �5 hours after the start of the spill! .

Generally the east � west axis is still evident, and there is some drift
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toward the southwest but also some to the northeast.

Figure 75 shows the oil distribution of a 30,000-ton

spi11 at Cl through a 20-hour period. The general pattern is the same

as for the previous 500-ton spill. However, after 20 hours  Fig. 75D!

a drift toward the east is more evident with this larger spill. Figure

75A shows the oil distribution af ter 7 hours. The oil is oriented

along an east-west axis but more to the west. Some drift is evident

to the southwest. Figure 75B shows that after 10 hours the westerly

and southwesterly drift is more strongly evident. Figure 75C shows

the oil distribution after 15 hours. An east-west axis is still

developed, and there is some drift to the southwest. Figure 75D shows

the oil distribution after 20 hours �5 hours after the start of the

spill! . The most apparent change is from a west to southwest drift

to one toward more to the east.

Figure 76 shows oil distribution of a 500-ton spill at

C2 through 20 hours. After 7 hours  Fig. 76A! an east-west axis

begins to develop, and net movement is stronger to the west. Figure

76B shows the oi.l distribution after 10 hours. Movement is toward

the west, and there is some drift toward the south and southwest.

Figure 76C shows the oil distribution after 15 hours. Movement is

toward the west and to the southwest. Some oil is evident north toward

the shore in grids �, 13 and 7, 14!, just off the mouth of Bayou

Lafourche. The oil distribution after 20 hours �5 hours after the

start of the spill!  Fig. 76D! is still along an east-west axis, but

there is some drift to the south. The westerly end of the spill is
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now close to the Timbalier Bay area.

Figure 77 shows the oil distribution of a 30,000-ton

spill at C2 through a 20-hour period. Figure 77A shows the oil

distribution after 7 hours. Net movement is toward the west and

northwest. Figure 77B shows the oil distribution after 10 hours.

Drift is toward the west and southwest. After 15 hours  Fig. 77C!

the westerly movement is more strongly developed and some grids close

to the shore are accumulating oil. Figure 77D, showing the oil

distribution after 20 hours, indicates general movement still to the

west and southwest. The more northerly grids now have oil, suggesting

that some oil will intrude into the Timbalier Bay estuary. An easter-

ly movement is also now apparent.

Under southeast winds C and/or S> is the "better"

location inasmuch as the net movement of oil spills is sufficiently

removed so as not to intrude into the estuaries.

5. South Winds

Figures 78A and 78B show oil spill distribution under

south winds blowing toward 360 at 7 m/sec. Figure 78A shows the oil

distribution of a 30,000-ton spill at C after 20 hours �5 hours after

the start of the spill!. The spill has an east-west orientation, and

some oil is moving slightly to the northwest. Figure 78B shows the

oil distribution of a 30,000-ton spill at C after 20 hours. The spill

has an east-west orientation but is situated slightly more to the west.

Some oil movement ia indicated to the northwest, and the grids closest

to Timbalier Bay have some oi.l present.
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Under south winds, locations C and/or S appear to be

more favorable than C and/or S2.

6. Summa of Oil Drift Studies

Under the four wind conditions, i.e., out of the northeast,

east, southeast, and south, the oil spill is at the two sites roughly

assumes, in all cases, an east-west orientation. C and/or S appears

to be the "best" location since the prevailing currents, winds, and

bathymetry apparently keep the oil away from the shore and hence

Louisiana estuaries. The circulation pattern at C and/or S appears

to have a net movement toward the northeast and east. The resulting

oil spill distributions in this area suggest that the oil is entrained

there. This may be an expression of a combination of factors, such as

the bathymetry, tidal currents, and land topography. The latter is

suggested by the fact that a small crescent area or embayment exists

between Timbalier Bay and Southwest Pass.

Table 109 gives monthly wind vectors offshore of Grand

Isle, Louisiana. Also given are time estimates for an oil spill to

reach shore assuming transport at 3.7/ of the wind speed and that

transport would be in the direction of the wind. Projections of oil

spill by means of Hansen's model, given in Figures 69 through 77,

were carried out for <30 hours  real time!. The reason for this

limitation was because this program demands a fair amount of computer

time and because of the overal1 schedule limitations of the proj ect

itself. Nonetheless, there is one major discrepancy between Table 109

and Figures 69 through 77: the amount of time for the oil to reach the

shore. Crude wind data in Table 109 suggest that during 6 months of
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the year winds come from a beaching direction and hence would provide

a more favorable condition if an oil spill were to occur. However,

the amount of time required for beaching, using wind drift and direction,

ranges from 3 to 20 days. Figures 69 through 70 are based on grids
2 .2having an area of 29.5 km �1.4 mi !--a large area, and so the presence

of oil in the grids closest to the shore does not necessarily mean oil

will hit the beach or that it will intrude into the estuaries.

Nonetheless, oil does reach some of the grids closest to share in <30

hours, and so it is probable that with the model beaching time is

reached sooner than with wind drift projection only, as given in Table

109. Because the Hansen model has projected. offshore currents that

roughly duplicate the hydrography of the area, it is assumed that its

oil drift projections will be more accurate than those based on wind

drift.

C. Chronic Oil S ills

Section II B gives the hypothetical operational spills

that might be expected to occur at a Superport. We did not analyze

any of these spills with the Hansen model. However, Table 110  from

Ichiye, 1972! gives estimates on the area visible for spills ranging

from 1.2 bbl/day to 8.5 bbl/day. The resulting plumes vary from 600

meters wide and 0.5 kilometer long at 1.2 bbl/day to 4,000 meters

wide and 24 kilometers long at 8.5 bbl/day.
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V. PREDICTED EFFECTS OF OIL SPILLS

A, Estuarine Effects

l. Marsh Grass

The most significant effect that an oil spill could have

in the Louisiana area is damage to or alteration of marsh grass

production. Though it has been established that there are at least

four levels of primary production in the Louisiana marshes, by and

large the most significant producer is the marsh grass  Table 48!.

Marsh grass produces at least 16 times more than any of the other

producers; about 50X of the net yield  in the form of detritus! is

used by consumers within the estuaries, and about 50K is exported to

the offshore area  Fig. 45! and presumably consumed there by the

major fishery species  i.e., menhaden and shrimp!.

The effects of oil on marsh grass can vary from no

damage to extensive damage to the root system and hence death of the

plant. The most serious effect would, of course, be the death of the

root system. Patrick �972, unpublished data! has found, for example,

that the root system of ~S artina alterniflora is quite extensive, its

root:top dry weight ratio being approximately 12:l. In addition, Crow

�972, unpublished data! has found that regrowth of S. alterniflora

does not occur when the plant is dosed monthly with a 1X concentration

of crude oil. Death of the root system would also undoubtedly acceler-

ate land loss inasmuch as the above data on the root:top ratio suggest

that the landholding capacity of this marsh plant is large and

important. Oil exposure could damage the top of the marsh grasses by
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direct exposure or by killing the flowering parts, but this type of

damage is considered less serious than if the entire plant were killed

because propagation can and does occur from the root system.

2. Microbial Po ulations

Meyers �971! and Crow �972! have shown that yeast

populations change in species composition and in absolute numbers when

exposed to oil. They also found that the initial population "explosion"

becomes significantly reduced after several weeks, presumably because

of nutrient  nitrogen and/or phosphorus! depletion. It is unknown

whether the alteration of species and numbers would have a significant

impact on the initial formation of detritus from the dead marsh grass.

In view of this uncertainty, the wisest course is to assume that the

effect would be adverse. And, indeed, the effect would be adverse if

sufficient detritus were not formed inasmuch as fishery production

 i.e., menhaden and shrimp! would undoubtedly show a reduction during

the following year.

Oil would tend to be entrained into the back sections of

the dendritic or branching flow channels through the marsh grass  see

Fig. 79! and also into the more northerly sections of the estuary.

Because production of detritus is initiated in this area from the dead

marsh grass, the effect could be significant during the next year' s

fishery harvest.

3. Other Primar Producers

Epiphytic algae are highly clumped about the bottom portions

of the stems of marsh grasses, and it is therefore likely that their
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populations would be severely reduced by exposure to oil. Simi-

larily, benthic algae would be reduced by sinking oil. It is

impossible to predict where and when this effect would be manifested,

but again the conservative approach would be. prudent � that is,

assume damage would occur and that its effects would pass throughout

the food web.

4. Marsh Ed e-Mater Interface

Figure 79 shows the general features of the Louisiana

estuarine and offshore systems. The marsh edge-water interface is

illustrated in detail by means of a "blow-up" picture. Day et al.

�972! and Bennett �972! have shown that at least 80X of the marsh

fauna biomass is located within 50 meters of this interface, and

probably most of this is almost directly contiguous to t' he interface

area. The reader is also directed to the marsh picture between the

two levees of Figure 79. The important feature in this illustration

is that the marsh has a dendritic or branch-like flow pattern, and

any intruding oil would extend first into this main series of

distributaries and hence suffocation and toxic effects would likely

be imposed on the fauna of the interface area.

5.

Estuarine sediments in Louisiana have two major zones: the

top, thin, aerobic layer and the bottom, thick, anaerobic  reducing!

layer. The presence and/or absence of the aerobic layer is apparently

a seasonal phenomenon and important in the nutrient cycling of the

marsh  Hutchinson, 1957! . If oil were to intrude on extensive mud areas
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of the marsh, it is likely that it would create a high biological

oxygen demand and would cause anaerobic conditions to persist for

some time. This may mean that phosphate, an essential nutrient,

would be leached and lost from the estuarine system, thereby causing

aberrations to the primary production cycle during later seasons or

years. Of the two types of crude oils described in Section II B,

type A may have a more severe effects on the nutrient cycles because

it has a higher proportion of heavier distillates and residuum and

hence more of it is likely to sink to the bottom.

6.

The effect of oil on fishery species within the estuaries

could be either indirect, by the elimination of their food sources

 detritus and/or marsh fauna!, or direct, as a result of suffocation

and toxic effects. It is likely that, of the two crude oils described

in Section II B, type B would be more toxic, at least initially  for

about the first 24 hours!, because it has a higher proportion of lighter

fractions such as gasolines.

The impact of an oil spill on fishery species might be

more severe in the open bays and tidal passes because fish are mobile

and would likely move away from the marsh edge-water interface if oil

intruded. Because the tidal passes  see Fig. 79! are important

migratory routes for various aquatic larval forms, they are also areas

of considerable vulnerability.

B. Shoreline Effects

The shoreline communities of Louisiana have not been
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studied adequately. It is assumed, because of the small amount of

Gulf shoreline present in Louisiana, that the impact. of oil on the

shores would be negligible compared to potential estuarine damage.

Perhaps the most dangerous potential effect is that oil might tend

to move parallel to the shore in response to the .littoral currents.

Truesdale �972, unpublished data! believes that the larval forms of

the major fishery species also move along with the littoral currents

 see Fig. 79! in an effort to find tidal passes into the estuaries.

Planktonic f orms such as these would be especially susceptible to

suffocation and toxic effects from intruding oil.

C. Offshore Effects

Figure 79 shows the major components of the offshore

water column. Phytoplankters and zooplankters in the immediate area

of the oil plume  casualty or chronic! would undoubtedly be destroyed

or greatly reduced. It is possible to assume that the net' effect is

not significant because these species have a short generation time.

The impact' of oil, however, could be more severe on

suspended materials  such as detritus! which would tend to accumulate

oil and possibly sink. If this effect were on a sufficiently large

scale, the impact ~ould be immediate to the fishery species inasmuch

as detritus is produced mainly during the spring of the year and its

origin and formation are quite different fram that of phytoplankton.

and zooplankton.

Benthic creatures directly below the oil plume would

undoubtedly be destroyed or greatly reduced. If this effect were
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persistent  such as with chronic spills!, it could result in extensive

areas of reduced benthos. In addition, the sediments might act as a

reservoir for the hydrocarbons and thereby release them periodically

snd reenforce the persistence of chronic or operational spills.

Nekton species offshore would be affected as in the

estuarine bays, either by suffocation or toxicicity. Because many of

the fishery species are of a schooling type  such as menhaden!, this

effect could be significant, but it is believed that the size of the

offshore area is sufficiently large to mitigate this damage. However,

the detailed locations of spawning grounds and/or waters of the major

fishery species offshore of Louisiana are unknown, and if the Superport

and its operation were located in a prime area for spawning the overall

effect could be quite significant.

D. Sunna of Predicted Effects

Figure 79 illustrates the important features of Louisiana.

The estuaries are considered to be most vulnerable to Superport oper-

ations. The major reason for this is because they are the most productive

per unit and because they serve as habitats or nurseries for various

stages of the major fishery species.

In addition, any oil spill intruding into an estuarine

area would tend to accumulate in �! the marsh edge~ster interface,

the exact location of the majarity of the marsh fauna, and �! the upper

areas of the marsh grass, or toward the "ends" of the dendrite flow

channels, where the dead marsh grass  future detritus! also tends to

accumulate. Movement of the oil through the tidal passes would also
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tend to concentrate it in the prime migratory routes of the ma/or

fishery species.

Shoreline effects would probably be minimal unless the oil

tended to accumulate in those areas having a littoral current. The

littoral currents are apparently used by migratory species to find an

entrance into the estuaries.

Potential adverse effects to the offshore are considered

to be less important than those to the estuarine areas. However, the

locations of spawning and/or feeding grounds need to be known in order

to keep the effects minimal. Chronic or operational spills will tend

to create permanently stressed areas. The extent of these areas needs

to be quantified so that compensational techniques can be designed.
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VI - RECOMMENDATIONS

1. Tentatively, locations C and/or S, farther from the shore,

will have less environmental impact on the estuaries of Louisiana

than the closer sites C and/or S . Other likely areas may exist
2

between S and S, but detailed analyses on oil drift projections

must be done to verify this. The basis for this recommendation

is that the surface currents near and about C and/or S set up

surface drift conditions away from the estuaries.

2. If a Superport is established along the Louisiana coast, then only

one such port operation should be allowed in order to ensure that

adequate environmental controls are meaningfully f inanced and

established.

3. Cleanup procedures analogous to those used by civil defense nr

hurricane protection should be established. The important features

to incorporate in these procedures are immediate containment and

rapid cleanup.

4. Protective measures should be taken along all the tidal passes of

the port area. Such measures should be designed so as to prevent

oil from entering the estuaries but yet not disrupt these migratory

areas by construction or during nonemergency times.

5. Strict and meaningful navigational controls should be established

for all vessels using the facility and for operation of the facility.

6. Shore development ancillary to Superport operations should be

carefully monitored and controlled so as to minimize the impact

to the estuaries.
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7. Immediate research is needed in the following areas:

a. Field investigations on the detailed hydrography and meteor-

ology of tke Superport area.

b. Toxicity studies on the effects of various crude oils and

their concentrations on planktonic forms of the major fishery

species.

c. Establishment and detailing of the location of the primary

spawning waters and/or grounds for the major fishery species.

d. Formulation and refinement of oil drift models so that

effective and accurate projections under all types of condi-

tions can be made.

e. Additional studies on the effects of oil on marsh grass and

microbes.
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Geographic context of study area in Louisiana. Sl and S2
are the locations of a hypothetical Superport facility,
and Cl and C2 are the locations of hypothetical casualty
spills. CH is the location of the Chevron Platform spill
in 1970, and SH is the location of the Shell platform spill
in 1971.
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Figure 5. Areas of mudlump development at diatributazy mouths of
Mississippi River delta  from Morgan, Coleman, and
Gagliano, 1968!.
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Figure 9. Influence of subsidence on delta deterioration
 from Morgan, 1972!.
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Figure ll. X-ray diffraction diagrams far clay minerals separated
from Barataria Bay  B.B.! and Lake Laurier  L.L.!
sediments  from Ho, 1971!.



Figure l2. Location map for north and south sampling areas. North
stations are listed as John The Pool Bayou and south
stations are listed as Airplane Lake and Lake Palourde in
Figures 13, 15, 16, 17, and 18.
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Figure 13A. Seasonal changes in organic-C content in sediments  fro0I
Ho, 1971! . See Figure 12 for geographic locations of
stations.
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Figure 13B. Seasonal changes in total � 5 content in sediments  from
Ho, 1971!. See Figure 12 for geographic locations of
stations.
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Figure 15A. Seasonal changes in 6N HCl decomposable sulfides in
sediments  from Ho, 1911! . See Figure 12 for geographic
locations of stations.
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Figure 15B. Total-P content in sediments from various stations  from
 Ho, l971! . See Figure 12 for geographic locations of
stations.
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Figure 16. Seasonal changes in dissolved carbonates in waters
 from Ho, 1971! . See Figure 12 for geographic location.
of stations-
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Figure 17A. Seasonal changes in inorganic forms of nitrogen in
Barataria Bay subarea waters  from Ho, 1971!. See
Figure 12 for geographic locations of stations.
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1971!, See Figure l2 for geographic locations of
stations.
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Figure l8. Seasonal changes in total-P in Barataria Bay
subarea waters  from Ho, 1971!. See Figure 12
for geographic locations o f s tations.

112



0
CO
P4

0 '0
ev

00

0 O O

o
CI
0

0I

C I
V

I
I I I

I
II

I

gl I I
1
I

U C 0
vl

0

I 0
e
aoI

C I

t
I

I I ' II
0 Io
O

C
Q 0

0
O

C

0 o
I

.:: 1141
I I I I

II

IIIIII II
I 111 Ii

Pigure 19. Generalized gross lithology of sediments on the shelf
and upper continental slope. Mud is used here as the
unconsolidated equivalent of shale  from Curray, 1970!.
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Figure 20. A. Station locations. B. Surface distribution of
phosphates. C. Surface distribution of chlorophyll
 from Riley, 1937! .
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Figure 2l. Annual variation in insolation along the Louisiana coast
 adapted from Day et al., 1972!. Winter is December,
January, and February. Spring is March, April, and Nay.
Summer is June, July, and August. Fall is September,
October, and November.
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This histo9rom and table shows the probabiiity  percenta9e!

any ane year in a 50 mile s ~ g ment af the coast line.

Figure 23A. Cyclone probabilities for coastal sector along Gulf and
Atlantic Seaboard  from Simpson and Lawrence, 1971!. See
Figure 22 for geographic locations of each coastal sector.



Figure 238. Cyclone probabilities for coastal sector along Gulf
and Atlantic Seaboard  from Simpson and La~rence,
1971!. See Figure 22 for geographic locations of
each coastal sector.
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APPEND XX

Coastline Segment Locati,ons

The following latitude/longitude combinations comprise a list of

the left endpoints of the coastline segments as referenced from an off-

shore viewing position and as illustrated in Fig. la. The rignt end-

point of any segment is the left endpoint of the next higher-numbered

segment. There are two exceptions: segment no. 25 in extreme southern

Florida; and segment no. 58, the northernmost segment. The right end-

points for the exceptions are indicated in the listings below.

Also, the cities identified below are only for the reader's con-

venience as points of reference.

Coastline Segment Locations

Coastline

Long.

 Br owns v i 1 1 e !

 Galveston!

 New Orleans!

Figure 23C. Appendix of location for Figures 23A and 23B.

ll9

1 2 3

4 5 6 7 8
9

10

11

12

13

14

15

25. 95

26. 75

27. 57

28 ~ 23

28 ~ 67

29. 13

29.60
29.77

29.52

29.32

29.07

28. 98

30. 20

30. 22

30. 35

97. 15

97. 35

97. 22

96. 62

95. 80

95. 02

94.25

93.30

92.37

91.43
90.52

89.15

88. 93

87. 97

87.02



APPENDIX  con't!

Coastline

Long.Lat.

 Panama City!

 Jacksonville!

 Savannah!

 Wilmington!

 Norfolk!

 Nan t u eke t !

 Portland!

Figure 23D. Appendix of locations for Figures 23A and 23B.
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16
17

18

19
20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37
38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55
56

57

58

30.28

29. 68

29. 88

29. 70

29.08

27.23

27.42

26.67

25.97

25.12

24. 53

24. 77

25. 32

26.13

27.00

27.73

28. 55

29. 27

30. 05

30. 9G

31. 68

32. 33

32. 83

33. 48

33.77

34. 43

34. 60

35. 23

36. 05

36. 85

37 ~ 63

38. 35

39. 15

39. 83

40. 58
4G. 80

41. 15

41.. 25

42.08

42. 72

43. 52

43.91

44.25

86.05

85.38

84.43

83. 50

82. 88

82. 87

82. 68

82. 25

81. 77

81. 13

81. 82

80. 93

80.25

80.03

80.05

80. 38

80.55

81.02

81. 33

81. 42

81. 12

80. 48

79. 70

79. 08

78. 15

77.53
76. 53

75. 53

75. 67

75.97

75.60

75.07

74. 70

74.08

73.63

72.57

71.55

69.95

69.90

70.62

70.32

69.32

68.25

...Rt. Endpoint: Lat. 25.32, Long. 80.25
 Key West!

...Rt. Endpoint: Lat. 44.80, Long. 66.90



Figurc 24. Generalized surface circulation along Louisiana
continental shelf. Compiled from various sources.
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Figure 25. Annual variations of Mississippi River discharge and
rainfall along Louisiana coast  adapted from Day et al.,
1972!.
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Current vectors transverse to the effluent and along the
distributary mouth bar of South Pass in Mississippi River
delta. A. Ebb tide. B. Flooding tide. C. Flooding
tide  f rom Wright, 1970! .
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Figure 27. Surface distribution of suspended-concentration at high
river stage of South Pass in Nississippi River delta on
April 12, 1969 The plume boundary lies approximately
between the 60 mg/1 and 40 mg/1 isolines  from Wright,
1970!.
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Temperature profiles along the east-west line seaward from
the Mississippi Delta. The "blacked-in" portions indicate
strong temperature inversions and represent surface layers
of brackish water from the Mississippi River. Hurricane
Betsy crossed these waters on September 9, 1967  from
Stevenson, 1967!.

Figure 28B ~

1,25

Figure 28A. Track of the M/V Gus III of the Bureau of Commercial
Fisheries, Galveston, and the R/V Alaminos of Texas ASM
University an cruises after Hurricane Betsy, in September
1965  from Stevenson, 1967!.
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Figure 29.
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Figure 30A. Temperature profiles seaward from the Mississippi Delta from
the data gathered from the M/V Gus III and R/V Alaminos
 from Stevenson, 1967!.
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Temperature traces of the waters of f the Mississippi Delta
before and after Hurricane Betsy. The "downwelling" of
warm surface waters is noted in depths greater than 50
meters  from Stevenson, 1967!.

Figure 30B ~
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Figure 31. 'fhe three hydrologic units of Barataria and Caminada
Bays, Louisiana  Fike and Racker, 1972, unpublished
data!.
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Qvtgaing Tide

Pigure 32. Gross estuarine circulation in Barataria and Caminada
Bays, 1ouisiana, at ebb tide  Pike and Hacker, 1972,
unpublished data!.
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Figure 33. Gross estuarine circulation in Barataria and Caadnada
3ays, Louisiana, at flood tide  Pike and Hacker, 1972,
unpublished data!,
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Figure 34. [<est to east water envelopes having equivNent residence
titnes  Pike and Hacker, 1972, unpubli.shed data! .
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Figure 35. Annual variatians in salinities in Barataria Bay,
Louisiana  adapted from Day et al., 1972!.
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Figure 37. Record of rise in mean sea level from three stations
along the Louisiana coast  from Day et al., 1972!.
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Figure 40. Hydrologic units and marsh zon< s along Louisiana coast
 from Chabreck, 1972! .
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Figure 41. Vegetative type map af the I.ouisiana coastal marshes
 from Chabreck, 1972!.

138



Figure 42.

139
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Top: Net daytime production of benthic algae and phyto-
plankton. Bottom: Total respiration of benthos and
water column. Both taken in Barataria Bay, Louisiana
 from Day et al., 1972!.
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Figure 43. Productivity of the epiphytic community and standing crop
of filamentous algae and epiphytic diatoms  from Day et al.,
1972!.
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Figure 44. Yearly variations in biomass and productivity of ~Salting
alterniflora in the vicinity of Airplane Lake  from Day
et ale g 1972! .
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Figure 45, Production and flow of organic matter in Barataria Say.
Numbers for marsh are g dry wt/m2 marsh/yr and g dry
wt/m2 water/yr for water areas  from Day et al., 1972!.



SEASONAL DISTRIBUTION OF TOTAL BACTERIA
IN AIRPLANE LAKE
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Figure 46. Seasonal distribution of total bacteria in three
habitats of Barataria Bay  from Hood, 1970, and
unpublished data of Hood, 1970!.

143



Figure 47. Annual cycle of zooplankton from salt marshes east of
the Mississippi River  from Cuzon du Rest, I963!.
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gi gare 48A. Dietribution of nacroiauna in ~S artina alterniilora
marsh at Airplane Lake  from Day et al., 1972!.
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Figure 48B. Distribution of macrofauna in ~S artina alterniflora
marsh at Airplane I.ake  from Day et al., 1972!.
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Figure 49. Annual variations of biomass and population levels
of meioben hie organisms of the submerged sediments
in Airplane Lake  Bennett, 1972, unpublished data!.
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Figure 50. Variation of biomass of meiobenthic organisms on a
transect across Airplane Lake. Note that biomass is
higher near shore  Bennett, l972, unpublished data! .
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Figure 51. Total biomass and number of fish taken with combined
gear at all stations March 1971 � June 1972  from
Wagner, 1972!.

149



Figure 52. Annual patterns of biomass of fishes. Solid line is
average of seven sites in western Baratarla Bay  see
Figure 3! for 1971-72. Dashed line is average of 3
years �968-1971! at three stations in Lake Grade
Ecaille  see Figure 3!. Vertical lines are range over
3 years  from Day et al., 1972!.
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MONTH

Figure 53. Annual biomass variation for brown and white shrimp in
Barataria Bay. The two years of data for brown shrimp
are 1969 and 1970. The data for white shrimp are for
1971  from Day et al., 1972! ~
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Figure 55. Seasonal abundance and distribution of !uvenile brown
shrimp  Penaeus aztecus! by hydrologic uni t �968-69! .
Sampling by Louisiana Wild Life and Fisheries Commission,
Cooperative Gulf of Nexico Estuarine Inventory. Geo-
graphical overlap of catches resulted in division of
some hydrologic units into E  east! and W  west!  from
Lindall et al., 1972! .
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Figure 56. Seasonal abundance and distribution of juvenile white shrimp
 panaaua aarifarua! by hydrologio unit. Sampling by Louiaiana
Wild Life and Fisheries Commission, Cooperative Gulf of Mexico
Estuarine Inventory. Geographical overlap of catches resulted
in division of some hydrologic units into E  east! and W  west!
 from Lindall et al., 1972!.
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Figure 57. Known archeological sites iv study area  unpublished
data of Neuman, 1972, and Gagliano, 1972!.
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Areas in Louisiana for population estimates  from
Louisiana State Parks and Recreation Commission,
June 1971. Comprehensive Outdoor Recreation Plan,
1970-75!-
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Figure 59. Current and wind data and oil-slick orientation, 13
January 1971, Texas Instruments surveillance  from
Resources Technology Corporation, 1972!.
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Figure 60. Current and wind data and oil � slic/c orientation, 14
3anuary 1971, EPA spill surveillance  from Resources
Technology Corporation, 1972! .
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7igure 61. Current and wind data and oil.-slick orientation, 16 January
1971, EPA spill surveillance  f rom Resources Technology
Corporation, 1972! .
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Figure 63. Comparison of yeast concentrations in oil-treated sediment
and sediment not exposed to oil  from Crow, 1972! .
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Figure 64A. Aerial view of relatively undisturbed marsh, indicating
tortuous water courses and ponding associated with active
nursery  from St. Amant, 1972!.

Figure 64B. Extreme disruption of marshes attendant with intensive oil
production--compare with Figure 64A  from St. Amant, 1972!.
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Grid system used for projection of surface circulation
offshore Louisiana. Each grid approximately 29.6 km .
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Figure 66. Stability test for Hansen's model by means of water
height, in centimeters, at grid location 5,5 as
indicated in Figure 65. Total time is a 30-hour run.
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Figure 67A. Current vectors at 13 hrs �6,800 sec! based on Hansen' s
model  Laevastu and Rabe, 1972! using vinds toward 280'
at 7 e/sec. Grid pattern as indicated on Figure 65.
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T = 61200.

Figure 678. Current vectors at 17 hrs �1,200 sec! based on Hansen' s
model  Laevastu and Rabe, 1972! using winds toward 280'
at 7 m/sec. Grid pattern as indicated on Figure 65.
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Figure 67C, Current vectors at 20 hrs �2,000 sec! based on Hansen' s
model  Laevastu and Rabe, 1972! using winds toward 280'
at 7 m/sec. Grid pattern as indicated on Figure 65.
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Figure 67D. Current vectors at 22 hrs �9,200 sec! based on Hansen' s
model  Laevastu and Rabe, 1972! using winds toward 280'
at 7 m/sec. Grid pattern as indicated on Figure 65.

168



HrSSjSsrwF'r DELTA

T = 93600.

~ ~ V r

Figure 67E ~ Current vectors at 26 hrs  93,000 sec! based on Hansen' s
model  Laevastu and Rabe, 1972! using winds toward 280
at 7 m/sec. Grid pattern as indicated on Figure 65.
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Pigure 68A. Distribution of a 30,000 ton spill at Cl after 7 hrs
with winds toward 225' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.



Figure 68B, Distribution of a 30,000 ton spill at Cl after 10 hrs
wi.th winds toward 225' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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with winds to/ward 225" at 7 rn/s  o. i3ase~t on Hans 'n 's
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Figure 68D. Distribution of a 30,000 ton sPill at Cl af ter 20 hr»
with winds toward 225' at 7 m/sec. Based on Ha»sen's
model, Oil released at 5 hr. and completed in 2 hrs.
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Figure 69. Distribution of a 500 ton spill at C2 af ter 10 hrs
with winds toward 225' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 70A, Distribution of a 30,000 ton spill at C2 af ter 7 hrs
with winds toward 225 at 7 m/sec:. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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I'igure 70B. Distribution of a 30,000 ton spill at C2 after 10 hrs
with winds toward 280' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 71k. Distribution of a .'30,I'> l0 to» 'pill at C> after 7 hrs
with winds toward 28 ! at i m/sec. Based on Hansen' s
model. Oil released a i ~ hr.�. and completed in 2 hrs.
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Figure 718. Distribution of a 30,000 ton spill at Cl after 10 hrs
with winds toward 280' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 7]C. distribution of a 30,000 ton spill at Cl after 15 hrs
with winds toward 280' at 7 mjsec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure. 711'!. Distribution o f a 30,000 ton sp i I 1 at 01 af ter 20 h; ."
with winds toward 280' a[ 7 m/seo. Based on t1ansen ' s
model. 0il released at 5 Iiv s n»d <.ompIr. t ed in 2 ~ r s.



Figure 72A. Distribution of a 500 ton spill at C2 after l0 hrs
with winds toward 280' at 7 m/sec. Based on Hansen' s
modeI. Oil released at 5 hrs and completed in 2 hrs.

181



Figure 72B. Dis tribution of a 500 ton spill at C2 af ter 15 hrs
with winds toward 280' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 72C. Distribution of a 500 ton spill at C2 after 25 hrs
with winds toward 280 at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 72D. Distribution of a 500 ton spill at C2 after 30 hrs
with wields toward 280' at 7 m/sec. Based on Hansen' s
model, Oil released at 5 hrs and completed in 2 hrs.



.'i g pro 7'3k. J!i s tr it>ution et; 30,000 ton spill at 0 > after 10 hrs
~II i t1~ winds to!~ard 280' a t 7 tr/sec. Based on ktavs' n's
model. Oil rel-ased at 5 brs and comp1eted in i i>ts.
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Figure 73B, Distribution of a 30,000 ton spill at C2 after 15 hrs
with winds toward 280' at 7 m/sec. Based on Hansen' s
model, Oil released at 5 hrs and completed in 2 hzs.
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Figure 73C. Distribution of a 30,000 ton spill at C2 after 25 hrs
with winds toward 280' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 73D. Distribution of a 30,000 ton spill at C2 after 30 hrs
with winds toward 280' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 74A. Distribution of a 500 ton spill at Cl after 7 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs,
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Pigure 74B. Distribution of a 500 ton spill at Cl after 10 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.



Pigure 74C. Dis tributi on o f a 500 ton spill at Cl a f ter 15 hrs
with winds toward 315 at 7 m/sec. Based on Hansen' s
model. Oil released at. 5 hrs and completed in 2 hrs.
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Figure 74D. Distribution of a 500 ton spill at Cl after 20 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 75A. Distribution of a 30,000 ton spill at Cl after 7 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 75B. Distribution of a 30,000 tan spill at Cl after 10 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 75C. Distribution of a 30,000 ton spill at Cl after 15 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 75D. Distribution of a 30,000 ton spill at Cl after 20 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 76A. Distribution of a 500 ton spill at C2 after 7 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 76B. Distribution of a 500 ton spill at C2 after 10 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs ~
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Figure 76C. Distribution of a 500 ton spill at C2 after 15 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 76D. Distribution of a 500 ton spill at C2 after 20 hrs
with winds toward 3l5' at 7 misec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 77A. Distribution of a 30,000 ton spill at C2 after 7 hrs
with winds toward 315' at 7 mjsec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 778. Distribution of a 30,000 ton spill at C2 after 10 hrs
with winds toward 3l5' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 has and completed in 2 hrs.
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Figure 77C. Distribution of a 30,000 ton spill at C2 after 15 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 17D. Distribution ot a av,vvv ron spa.jx at v2 arrer 20 hrs
with winds toward 315' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 78A. Distribution of a 30,000 ton spill at Cl after 20 hrs
with winds toward 360' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Figure 78B. Distribution of a 30,000 ton spill at C2 after 20 hrs
with winds toward 360' at 7 m/sec. Based on Hansen' s
model. Oil released at 5 hrs and completed in 2 hrs.
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Schematic diagram of the major features of the coastal
zone area of Louisiana. Those features especially
appropriate in regard to an oil spill are discussed in
the text.
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Table 1. Mean annual discharge and wave-power climate indices
 Wright and Coleman, 1972! .
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Table 2. Dimensions of estuarine study areas, Louisiana, and surface
water acres in coastal Louisiana by area and depth interval.
Areas 4, 5, 6 and 7 roughly correspond to the study areas
in this report, i.e., Mississippi Delta, Barataria Estuary
and � and 7! Terrebonne Estuary  adapted from Perret et al.,
1971!.

Surface Water Acres in Coastal Louisiana by Area and Depth Interval
 Barrett, 1970!

Depth  feet!
Total Acres

0-3 3-6 6-9 >9

811,665 886,513 3, 378,924675,163

Dimensions of Estuarine

Surf. Water Water Vol.
2

AREA 1 453,083 5,098,490
Ma!. w. bodies

L. Maurepas 58,191 533,741
L. Pontchartrain 394,127 4,537,974

Study Areas, Louisiana

Surf. Water Water Vol.

AREA 6

Ma!. w. bodies
L. Barre

L. Raccourci

Terrebonne Bay
Timbalier Bay

237,962 939,437

217247
19,278
50,388
79,713

84,613
63,495

313,039
297,662

964,299 7,637,034AREA 2

Naj. w. bodies
Chandeleur Sound

L. Borgne
180,823 616,304AREA 7

Ma!. w. bodies
Caillou Bay
Caillou Lake

Pour League Bay
L. Mechant
L. Pelto

578,003
171,380

333,465

5, 371,632
1, 128, 568

113,132
14,382
63,851
28,292

101,516

27,085
7,752

20,402
8,395

24,633

2,074,416

1,650>716

2,209,381

AREA 3

Ma!. w. bodies
Breton Sound 195,330

198,087AREA 4

Ma!. w. bodies
East Bay
Garden Is. Bay
Miss. River

West Bay

469,290 2,533,202AREA 8

Ma!. w. bodies
Atchafalaya Bay
E. Cote Bl. Bay
Vermilion Bay
W. Cote Bl. Bay

48,195
13,504
34,982
17,646

235,596

425,878
44,732

1,399,280
63,343

200,917

616,014
405, 757
825,067
507,192

134,679
82,314

121,604
89%902AREA 5

Ma] . w. bodies
Barataria Bay
Caminada Bay
Little Lake

306,319 1,317,987AREA 9

Ma!. w. bodies
Calcasieu Lake

Grand Lake

Sabine Lake

White Lake

43,551
14, 158
12,888

200,917
24,085
51,552

425792
31,733
55,858
51,649

210, 482
147, 194
300,776
234,182

TOTAL  9 areas! 3,378,921 23,140,497
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Area

1
2

3

4

5

6

7

8

9

Total Acres

per Depth
Interval 1,005,583

12,903
1690907
157,586
107,333
145,941

87,166
106,669

80,337
137,741

22, 868
182,726

39,685
12,530
75,876

115,500
57,8l7

214,229
90,434

591690
280,335

51,418
8,945
6,955

29,393
9,523

159,569
69,335

357,625
331,331

84,776
69,279

6,824
5,903
6,814

15, 155
8,806

453,086
964,299
333,465
198,087
235,596
237,962
180,823
469,290
306,316



Table 3, Surface area of natural and manmade water bodies, 1931-1942,
1948-1967, and 1970  from Gagliano et al., 1972!.
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Table 4 ~ Shoreline inventory by hydrologic unit for coastal Louisiana
 from Becker, 1972! .

Bays, Lakes Canals
and and

Marshes Dredged
Cuts

350. 8

Gul f

Naj or Shore-
kivers line

Streams

and

~3a ous TotalsUnit

43.1 30.23,410.3970.6

697.5

769.9

1,389.0 560.5

1.232.0 764.8

77. 7 13.9

149.3 64.7

58. 5 43.91,478.2 3,488.3 1,556.5IV

VI

VII

522.3 315.6 37.4 52.1

437.4 156.0 28.2 44.2

184.0

251. 6

VIII

Totals

212

2,089. 9 4,914. 7 1,499. 7 9. 4 68. 7

292.6 87.4 103.0 32.2

460.2 1,156.1 243.7 9.4 45.3

7, 194. 5 16,637. 5 5,550. 6 445. 2 363. 0

4,805.0

2,738.6

2,980.7

6,625.4

8,582.4

515. 2

1. 914. 7

1,111.4

917.4

30,190.8



Table 5- Surface water area and water volume estimates for the study
area, as indicated in Figure 1, part of the continental
shelf of Louisiana  Barrett, 1969, unpublished data!.

Surface Water

Acres

Volume
Acre � feet XDep ths

Feet

6,251,000 .6

248,235,000 25.0
51

20

28 ~ 013

22.0

14.0

10.0

972,501,0008,143,892

Totals for entire Louisiana continental shelf:

18,737,841 acres 2,486,611,612 acre-feet

213

0-100

100-200

200-300

300-400

400-500

500-600

4,3.67,442

1,654,900

1,085, 400

696,800

336,675

202 675

271,350,000

209 386 000

135,838,000

101 439 000



Table 6. Frequency in percent of winds from various direction in
Gulf of Mexico  extracted from U.S. Naval Weather, 1970!.
A. Monthly data. B. Seasonal data.

A. Monthly data.

Jan Feb Mar Apr .lay June July Aug Sept Oct Nov Dec

SE

SW

5 6 4 4 4 2 4 6

10 10 7 7 5 4

B ~ Seasonal data.

Summer~Sr inMinterFall

10161826

27272128

182117SE

214

19 13 12 10 10 4 4 4

16 20 13 18 16 10 10 11

21 21 20 32 28 30 28 22

17 17 27 19 17 23 18 13

7 10 12 7 6 6 10 8

5 3 3 2 3 4 5 7

6 13 18 12

22 34 23 18

33 28 24 22

13 7 11 16

5 2 6 8

2 2 2 3

3 2 3 5

4 4 7 7



Table 7. Average air temperatures in 'F  Celsius equivalent given!
for southeast division of Louisiana, 1931-1971  Climato
logical data, Louisiana!.

F H AYear

Monthly Average 'F:
54. 9 48. 4 61. 7 68. 9

Monthly Average 'C:
12.7 14. 7 16. 5 20. 5

Winter
56. 7

13. 7

61. 7 56.8 20.7

13.8 69;3

75.282.278.7 71. 380.775.2

27. 0 27.9 2 3.9
S umber Fall

80. 8 69.4
27. 1 20.8

24 ~ 0 25. 9

Spring
68.6

20. 3

21. 8 16. 5
Annual

68. 9

20. 5
Seasonal Average F
S eas onal Average ' C

215

19 31

19 32

1933

1934

1935

1936

1937
1938

1939

1940
1941

1942

1943
1944

1945

1946
1947

1948

19 49

1950

19 51

1952

1953

19 54
19 55

1956

1957

19 58

1959

1960

1961

1962

1963
19 64

1965

1966

1967

1968

1969

1970

1971

52. 4

60. 8

59. 2

57.2

56.5

55. 5

66. 1

55. 7

58. 8

43. 9
55. 8

51. 0

54.9
54. 1

54. 5

54.6
56. 8

47. 6

60.2

67.5

55.9

63. 0

57. 3

57.5

54.5

52.6

61.2

49.3

51.1

53. 0

48. 8

51. 6

49. 6
51. 3

56. 6

49. 5
53. 6

52. 5

54. 8

48. 0

55.4

58.0

65.9

58.6

56. 7

57.9
54. 2

56. 8

60. 7

59.9

54.3

53. 3

53. 3

57. 6

63. 8

61. 3

57. 4

50.4

58.6

62.1

61.5

56. 7

59.4

57.3

60.4

58.7

61.8

64.1

48.4

38. 2

51. 2

59. 4

63. 8

50. 7
51. 7

55. 2

54. 1

54. 4

48. 7

55.4

52. 3

55. 3

56. 6

58. 4

63. 3

61.0

66. 7
63. 7

58. 2

68. 9

64. 4

62.1

57.5

60. 2

60. 8

63. 5

68. 8

64.6

57.2

64.9

62. 3

60. 1

63. 1

61.2

66. 8

60. 8

65. 5

62.9

61. 6

58. 6

59. 8

57. 3

65. 7

58.6

65.1

61.5

59. 5

60. 1

64. 3

57.9

55.1

60.2

60.0

64. 7

68. 3

69. 2
68.5

69. 4
66. 6

68. 1

67.6

68. 0

67.6
70. 2

67.9

69. 3
68. 5

71.1

70.5

70.5

72.0

67.4

65 ~ 3

66. 0

65. 9

68. 8

72.1

71. 0

67. 7

69. 8

68. 9

67.2

69.2

65.5

66.9

72. 4

70. 7

72. 3

69. 0

73 ~ 2

70. 3

69.0

71.0

67.4

71.6

73.1

79.0

73.9

76.6

74.4
75.9

75. 1

73.4

73.1

75.0

74.5

77.8

75.3

73. 6
75 ' 2
75.7

76. 7

76. 5

76. 5

74. 6

75. 3

77 ' 5

72.0

77.6

77. 0

77.0

75.5

76.6

72.8

73.6
77.2

76.8

76.0

75. 8

75. 3

74. 2

74.9

74. 3

74. 1

73. 5

79. 5

81. 3

79. 2

81.0

80. 2

82. 0

81. 4

80. 8

80. 7

79. 5

80. 3

80. 4

82.0
82.9

81. 7

78.7
81.8

81.9

81. 3

81. 0

81. 1

82. 8

82. 8

80. 9

78.5

78.8

81.1

81. 7

80. 5

81. 3

78. 6

80. 7

80. 6

80. 3

80. 1

78 ~ 4
80. 5

81.0
81. 4

79. 2

80. 3

83. 0

84. 1

82. 1

82.0

82. 3

82. 3

82. 5
81. 6

82.3

81. 5
82. 5

82. 4

82. 8
82.8

81. 2

81 ~ 7
80.9

82 ~ 9

81.9
80. 6

82. 8

82.5

81.9

82.6

8l.4

81. 9

84. 0
81.9

81.5

84.4
81. 1

84.5

82. 3
81.2

81.9

82. 7

80. 5

81. 3

83. 1

81. 4

81. 2

79. 7

84. 1

82. 5

82.0

83. 1
82.0

82.6

82,8

81. 7

81. 8
84.1

81.7

83. 3
82.7

82.6

82.6

82.4

81.9

81. 9
81. 7

85.2

82.8

81.8

83. 4

82.2

82.0

82.1

81.8

82.5

81.5

80.4

83. 7

82. 8

83. 2

80. 6

81. 1

79 .9

81. 8

81.2

81.9

81.2

79. 7

82.2

82.9

78.4

78.7
81. 5

79.0

78.2

80. 1

77.2

81. 1

77. 2

76. 9

80. 5

80. 3

78. 0

80. 3

76. 5

78 ' 6
78.9

80. 2

77.0

78.7

80. 7

80. 6

78.0

77.7

80. 5

79. 9

78. 8

79. 1

80. 2

79. 2

79.9

78. 5

78 ' 2

75.8

77.6

77.4

80. 5

79. 1

74.0

69. 2

72.8

73.7

73.5

72.9

70. 1

71.0

72. 5

71. 2

77. 9

71.9

67.8

69.1

70. 0

72.7
75. 5

69. 6

74. 8

71. 7

73. 1

64. 3

71. 5

71.9

70. 5

72. 7

67.4

70. 5

73. 4

72. 2

69.9

73. 9

72.8

67.1

78.7

68. 7

67.8

71.7

70. 8

69.4

72.8

67.8

56.4

63.5

65.0

62.1

60.6

58.8

61.9

60. 1

62.6

60. 0

64. 1

58. 5

63. 7

64.9

66. 3
61. 2

63.8

60. 3

58. 4

57. 3

59. 8

61. 1

59. 3

61. 4

61. 5

62. 7

64.6

59. 6

64. 2

62.6

59.6

62. 3

65. 2

66.4

63.7

61.4

58. 9

59. 4

57 F 1

61.7

62. 7

58.6

64.8

55. 8

51. 8

57. 3

54. 9

55. 7

58. 5

59. 7

58. 9

57. 4

55. 1
55. 3

52. 4

59. 2

55. 9

60. 6

59. 9
53. 1

60. 0

55. 7

54.4

56. 0

56. 8

62.2

56.0

53. 2

55. 7

53. 3

58.0

53.4
47.7

57.7

56. 7

54. 2

59. 3

53.8
55.2

59.4

64.2

69. 2

69. 7

71.4

69.6

69.9

69.4

69.5

70.0

70. 1

67.9
69. 7

68. 5

68. 9
70. 2

70. 2

70. 1
69.1

69.8

70.6
59.7

69.7
69.1

70.0

69.8
69.9

69.9

70.4
67.9

68.8

68. 3

68.5

70. 2

68.5
68.8

69.3

67. 9

68.7

67 ' 5
68. 1

67. 8

69. 3



8.Table Monthly precipitation in inches  metric equivalents given!,
southeast division, 1931-1970. Extracted and derived from
National Climatic Summary  courtesy G. Cry!.

S 0A M J JYear F M

1966 11.22
1967
1968
1969
1970

4. 31
1. 70
3. 63
3. 38

Monchly Average;
5,89 4.70 4-90

Monthly Average  ce!:
14.96 11.84 12.45

4.963. 746.40 3.235.27 7.37 6. 634. 31 4. 50

10.95 11.43 13. 39 18. 72 16. 84 16. 26 B. 20 9. 50 12,59
Rior.er �JF! Spring  MAM! Sunnner  JJA! Fall  SON! Annual

5. 18 4. 57 6.42 4.46 S. 16
13. 16 11. 61 16. 31 11. 33 13. 10

Seasonal Average;
e II   !
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1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
l947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965

4.37
5.40
4.27
6.84
l.70
7.04
3.96
4.82
2.09
3.55
3.56
1.87
2.72
9.22
4.73
5.40
8.37
4.95
2.17
2. 39
3.60
2. 58
2. 23
4. 36
5.35
3.67
1,31
7.49
3. 40
4.29
6.32

4.17
7.73
4.97

3, 79 4.43
2. 64 3.16
6.27 7.21
2.91 4.60
4.97 5.28
5,07 2.71
3.29 6.00
2.40 1.33
4,36 .96
8. 54 3. 53
3.84 4,57
9.71 6.66
1.78 7.43
4.42 4.60
4.91 2.40
3.50 12.24
3.38 7.35
1.54 13,96
3.49 9.11
3. 15 6. 25
2. 20 6. 85
8.98 2.96
6.26 3,78
1.16 1. 76
3.56 .25
7.17 3.06
3. 34 7. 78
4.64 7.02
8.80 3.63
5. 20 3, 19
7.14 7.35
1.14 2,07
5.12 .91
7.25 5. 71
6.01 3,69

11.07 1.96
5.56 2,23
3.24 2.67
4.13 6, 74
2. 22 7. 49

2.88 2.3S
5.57 11.26
6.41 2.45
2.83 7,98
6.77 z.68
4.08 5.83
3. 78 2.93
3. 79 4.14
2. 72 9.46
8.80 1.40
2.10 3.73
1.93 5.50
1.71 3.98
8. 14 4. 71
3. 50 3.26
2. 86 10. 79
7.52 4.75
2,30 3.45
8.93 l. 35
6. 94 2. 74
6. 30 2. 70
5. 72 5.42
6. 32 1. 82
2. 14 4. 14
4. 34 4.08
3.61 4.32
7.29 2.96
2.81 7.65
4. 22 9.17
5. 28 3.77
3.49 4.76
2.24 .67

.88 2.12
5.06 3.18
1.01 2.96
5.97 4.05
L.77 3.86
3.41 4.73
6,86 6.99

.81 5.78

2. 76 8. 88
2,89 5. 33
1.65 6.40
6.36 4.72
4.63 7.95

.95 5.98
6- 56 4. 53
5.03 B.n!
5,05 7.43
8-50 9. 43
8,12 8,10

11.51 7.74
5.45 6. 85
3.22 5,64
3.53 11.37
9.86 7,89
4.47 2.88
2.73 7.19
5.44 8.47
5.86 8. 36
2.79 6.66
1.75 7.31
8.03 9.03
3.82 11.24
3,29 9.69
9-06 7.02
7. 79 5. 21
S. 24 9.00
9. 59 11. 71
1.77 5,26
9.49 7.08
6.87 3.99
7.59 6,34
4.03 9.96
4.06 6. 58
7.59 9. 14
4. 56 6. 71
3.57 5.30
1.47 8.25
4,06 6, 27

7.52 2.75 6.62
10 . 65 6. 71 8 . 50
4,18 2.36 2.10

10 77 290 491
6. 66 4.65 . 80
7.49 4.02 1.75
7. 50 5. 55 13. 89
4.89 4. 31 2,13
6 79 693 .98

10.08 5,81 .4"
4. 53 7.07 4.63
8.78 7.12 6,25
4.48 14.82 .93
7. 11 6. 21 1. 00
8.31 7.00 3.27
4.26 11.55 .56
5. 86 4. 51 2,1]
6.15 14.59 1.21
6.67 8.73 4.29
2.95 2.72 2.26
3. 65 7. 39 j. 38
5 96 4. 37 .10
7,77 2.07 .53
2.92 7.26 4.22
9.60 5.82 2.19
4, 80 11. 33 2.65
6.58 11.55 2.62
7.73 8.69 2.39
6. 52 4.49 9 .14
8.77 5.66 5.19
8.08 7.32 1.72
5.00 4.23 3.03
3 38 708 .04
5. 56 3. 78 5. 78
7,47 9.64 1.18
6.93 6.67 3.28
9 . 36 5.9 3 6.06
5.02 2.96 1.67

2.75 1.08
8, 26 6. 66 6. 2 3

3. 31 8.02
3.21 4.90
3.74 2.88
6.00 2.56
1. 57 5.92
2. 91 3. 70
2.00 3, 70
3. 22 3. 82
e. Se 2. 74
3.01 8, 33
2. 57 4. 60
1.4e 4.75
2.P' 4.20

10.64 2.54
1.81 7.12
4.47 3. 41

12.43 7.96
12. 49 4. 89

. 39 5.52
1. 00 6. 79
3.43 3.17
2.4! 4.98
8.63 11.11
2. 50 5. 59
4.08 3. 26
1. 50 5,59
5.83 2.63
1,44 1. 57
1.44 2.06

.32 4. 29
7.11 6.42
2.84 3.24
S. 72 S. 24
3. 51 2.19
l. 79 7. 19
1. 57 6. 59

.28 10.13
4,26 6.42
1 ~ 02 5.28
1,05 3.02

eo 4J

57.68
70.22
49,92
63. 38
53. 58
51. 53
63, 69
48.09
56. 37
71.45
57.42
73, 28
57. 16
67.45
61. 21
76. 79
71. 59
75. 45
64. 56
51. 41
50. 12
52. 54
67. 58
51. 11
55.51
63. 78
64. 89
65. 67
74. 17
52. 99
77,28
39.62
51, 59
63. 74
36. 55
76. 04
60. 76
44. 95
53.62
55,23

4. 81
5.85
4.16
5.28
4.46
4.29
5. 31
4,01
4. 70
5.95
4. 78
6. 11
4. 76
5.62
5.10
6.40
5.97
6.29
5. 38
4. 26
4.18
4, 38
5,63

4.63
5. 3L
5.41
5.47
6.18
4.42
6.44
3. 30
4. 30
5. 31
4. 71.
6. 34
5.06
3,75
4.47
4.60

e

12. 21
14. 18
10. 57
13. 41
11. 33
10.90
13,49
10. 19
11. 94
15,11
12.14
15. 52
12. 10
14. 27
12.10
16. 26
15.17
15. 98
13. 67
10. 82
10. 62
	.13
14. 30
10. 82
11, 76
13. 49
13, 74
13. 89
15. 70
11,23
16.36
8. 38

11.92
13.49
11.96
16.10
12.85
9.53

11.35
11.68



Table 9. Percent frequency of specific relative humidity at selected
hours for midseasonal months  U.S. Weather Bureau, National
Climatic Summary, 1971!.

 Mev Orleans records! 1949-1954!

~ 30 <40 4.50 ~50 ~ 70 «90

4 ~ 0 0 0 100 98 77
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Jan 6 am 0 1 2

3 pm 3 15 23

Apr 5 ai 0 1 2

3 pm 8 26 43

3 pa 1 2 17

Oct 5 aa 0 0

,3 pm ll 33 47

98 93 61

77 37 7

98 83 53

57 19 7

83 41 6

97 90 52

53



Table 10. Percent frequency of fog occurrence at specific locations
in Louisiana. A. Monthly occurrence at I.ake Charles
and intensity for Grand Isle, Block 46, offshore Louisiana
 Glenn, 1972!.

MONTHL'E OCCURRENCE OP FOG -'1964
e > p~». 7«> 7. ~ 1 ~Tur. ie«O Oat XOV;!eC An «'-al

e t3

' aWe ~ailes 8 2 S e 3

10 2 3 2Ne;; Orleana

Less ~;.an Less Tnan. Less Than Less fnaa Less
«'-e-'«3 «" lee 1 'Yale ~12 «ale ~14 ~Me 1/3::le

2.23;-3Zan 1.6

9.0 3.9 2.7 2,0

5.6 4.2 2 ~ 9 2.2 1.9

3,4 2.38.0 1.7

Oe42.9 0.'81.2 0.6

0.'0;31.0 0.5 0.2

0.7 0.2 0.3.0.1

0.8 0 1

1.0 0.2 Ge10.5 0.3

0.22.0 1.0 0.6 0.4Oct.

3.3 0.. 71.0

3.7 1.02.3 1.6

Annual 4.3 1.9 1.2, 0.9 0.7

Visibility reductions are c-used pr~azU.7 oy fog.

218

".ote. ~'"-,b rs citecl a== nv..ber ot days thar heavy to~ occu red at each
stan=ion tor .he month noT;e'.



Table 11. Cyclone data for selected Louisiana areas  extracted
from Simpson and Lawrence, 1971!. See Figure 22 for
location of area designation numbers.

Coastal Section

Terrebonne Barataria M. Delta

10 ll 12

Earliest tropical cyclone occurrence*

Latest tropical cyclone occurrence

July August

November October

June

October

Probability  X! of occurence in any
one year:

18X

Cyclone Probability percentage  data extracted and derived from
Simpson 6 Lawrence, 1971!

Cyclone

6

Trop ~ Cyclone Hurricanes Great Hurricanes

Texas �-6! 13

18

2 ~ 5 1.5

2.50.58.5

13

«All tropical cyclones means winds 40 mph or higher
All hurricanes means winds 74 mph or higher
All great hurricanes means winds 125 mph or higher

219

Tropical cyclones

Hurricanes

Great hurricanes

Louisiana �1-12!

Delaware �6-47!

New Jersey �0-51!

M ine �8!

21K

13K

2X

9X

4X



Table 12A. Data on occurrence of tropical storms and hurricanes
within 180 nautical miles of Louisiana coast  Glenn,
1972! .

rr ~,
~c 0;
r4

e oi~ r.»!
4 rr gr

O ~!

CD O

iN

O

iver

O V!

r.
0

Lh
CJ

Cl V
U W Ol
3 '4

Cv
Cl 0 V

O' ~
O
Vl

Cl

Va 0
CO 4
CS Cl W
4
rJ g

V

CD
CD
CV

OO
O O O

C!
i

~ 92
CD

Cl
V'8 .r
~~LCD 0

U 0
V45C
0 CCc 0 M

O

Pl

O

i»C

Cl

'i'

O

~ Ii
gl
4l

0

co

8 0
JJ

0 m
4 0 + ltl

u M 0

MACAW

cV

P1

Pl

05

V o
0r

CO '4 Cl
Q W

0 8» oI
O O O

' ~
O 0 O O

Cr

O

c/l

0 CC
CJ
.rl

Ul

t5
a

C 0 C'l
r.l
»J
Cll

41

rj

CO 0
nfl
g Cl
CO

O 0
M'

~ Q
u CA
0
0 C

0

4J
0 r.

0

rC

0

r»
V
CQ

Cl

V r
C

V H

fc

f='ic

r»

~J
ri
og

Cl
C

L.

o
~ JJ

cl U
Co

o~ H
4
J

Cl
l'

JJ

cG

220

46

r. ~

0
tO
cS
 'J
CA

O

Cl

g

U
l ~ 4

oi, kl

c»

o w
Ã~

Q tg
Vl

0
~ C1

cd
Cl

1

g
0

O cn
r»
Cl

IJ Co
I
Q

OQ

l

V
Cl



Table 12B. Occurrence of hurricane and tropical storm centers within
180 nautical miles of the Louisiana coast, 1871-1971
 Glenn, 1972! ~

Tropical Tropical Tropical Tropical
Cyclonee Cyclonee Cycionee Cyclone*
Intcn~eir Year Date Inter~air Year Date Inten~eit Year Date !Bren",ity

Tropical
Cyclonee
In 't e!! a~it

* }1 'Hurricane!
T TLOpieal StOLai!

221

Year DL!L.ei
1871 Juii 3
1871 Jua 9
1S71 Scp 5
1871 Ocr. 3
1872 Jul l0
1673 Srp lO
1874 Jvi 2
1S75 Sep 15
1875 Sep 25
1877 Sep 17
1877 Ocr 2
1877 Oct 25
1878 Oct 10
1679 Aug 22
1879 Sep I
1879 Oct 6
1879 Oct 15
1880 Jun 27.
1881 Avg 2
1881 Aug 12
1882 Scp 9
1885 Aug 29
1665 Sep 20
1685 Sep 25
!EBG Jun le
1875 Jvn 2!L
1886 Jun
18GG Jul lo
188 G;.; 19
1886 cct 11.
1887 Jul 7G
18S7 Oct 18
1888 Jun 1G
IBQB Jul 5
1888 Aug 19
1865 Sep 22

H 8 H K }1
}1

H H K
H li
}1

H K

H H H 8 H }1
H H H H
T

H H H

H H H T H ii

Year
1891
1892
l893
1893
1893
1694
1894
1895
1895
1896
1897
1898
1898
1900
1900
1900
1901
1901
190}
1901.
1902
1902
1903
1904
1905
1905
1906
1906
1907
1907
1907
1908
l909
1909
1909
1909

Date
Jul 5
Sep 11
Jun 14
Sop 6
Oct 1
Avg 5
Ocr 7
Aug 14
Oct G
Jul 6
Sep 12
Sep 19
Srp 27
Sep 6
Sep 12
Oct 11
Jvn 13
Jul 10
Aug 13
Sep 16
Jun 26
Ocr. 6
Sep 13
Hov I
Sep 27
Oct 8
Jun 12
Sep 26
Sep 27
Sep 20
Sep 28
Sep 17
Jun 27
JUB 30
Jul 20
Sep 20

H T H

H 8 T H T T
H H T H T T
T T

H T H H T T T T H T T T T T
T H H

1911 Aug ll
1912 Jun 12
1912 Sep 12
1914 Sep 18
1915 Aug 16
191.5 Sep 29
1916 Jul 5
191G Oct 18
1917 Sep 2'7
1918 Aug G
1919 Jvl 3
1919 Scp 12
1920 Sep 21
1920 Sep 29
1921 Jun 22
1922 Oct 16
1923 ocr. 15.
1923 Oet 17
1924 Sep 14
1924 Oct 12
192G Aug 24
1926 Scp 20
1929 Jun 28
1931 Jul 15
1932 Aug 13
1932 Aug 31
1932 Sep 13
1932 Sep 19
1932 Oct 15
1533 Jul 5
1933 Jul 22
1933 Aug 2
l,934 Jvn 16
1534 Jul 25
1934 Avg 27
1934 Oct 5

H T
H T

H H K 8 H
H T

H H H H T
H T H T H H

H T H H T T T H T T H H H T

1935 Nov 7
1936 Jvl 27
1936 Jul 31
1936 Aug 8
L937 Sep 18
}937 Oct 3
1938 Au< 14
1938 Oct 3.6
1938 Oct 23
l939 Jun 14
1939 Aug 13
1939 Sep 26
1940 Avp G
1940 Sep 23
1941 Sep 11
1941 Sep 23
1942 Aug 19
1942 Aug 29
1943 Jul 26
1943 Sep 3.8
1944 Sep 10
l945 Jul 20
1945 Aug 27
1945 Sep 5
1946 Jun 14
1947 Aug 22
1947 Scp 8
1947 Sep 19
1948 Jul 8
l948 Scp 3
1949 Sep 4
L949 Sep 21
1949 Oct 3
1950 Aug 30
1950 Oct 2
L950 Oct 18

T T H T T H T T T T H
T T

H H H K T T
H T T

T H H
T T H H T H

1953 Jun 6
1953 Sep 18
1953 Scp 25
1954 Jul 27
1955 Avp
1955 Aug 26
3.956 Jui! 13
1956 Scp 24
1957 Jun 8
1957 Jvn 27
1957 Aug 9
1957 Sep 7
1957 Sep 18
1958 Scp 5
1959 Hay 29
1959 Jul 24
1959 Ocr. 8
1960 Sop 14
1960 Sep 25
19G1 Sep 10
1963 Sep 17
19G4 Au;
19G4 Oct 2
1965 Jun 14
1965 Sep 9
19G5 Sep 28
1969 Aug 17
1.9G9 Oct 5
1969 Oct 21
1970 Jul 21
1970 Sep 15
1971 Sep 9
1971 Scp 16

'I

j li

I I T T
'K T
li
j

T

T H T
p
T

H H T H I
H I H T
H T

T H H



Table 13. Average percentage frequency of occurrence of wind speed�
direction groups: Grand isle, Block 46: Offshore I.ouisiana:
July  Glenn, 1972!.

Rind Speed Groups  mph!
Direction 0-4 5-9 10-14 15-l9 20-24 25-29 30-34 35-40 40 PIus Total

0.0 2.0

0.0 3,0

S.

Svl 0.0

2.3 5.8 5.0 1.9 0.3 O.l 0.0 0.0 0.0 15,4

0.8 2.0 1.9 0.7 0.2 O.l P.G 0.0 0.0 5 7

=otal 0.0 100.0
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0.3 0.8 0.7 0.2 0.0 0.0 0.0 0.0

0.5 1.0 1.0 0.4 G.l 0.0 0.0 0,0

1 1 2 3 2 4 0 9 0 3 0 I 0 1 0 0

2 6 S.G 6 3 2 2 0 4 0 3 0 2 0 1

3 2 7 5 7 8 2 8 0 5 G 3 0 2 0 I

4.3 9.9 8.2 3.2 0.5 O.l 0.0

1 353 333 123 23 10 05 02

0.0 7.2

0.0 18;I

0.0 22.4

0.0 26.2



Table l4A. Average percentage frequency of occurrence of wind
speed � direction groups: Grand isle, Slock 46:
Of fshore Louisiana: September  Glenn, 1972! .

Mind Speed Groups  mph!
10-14 15-19 20-24 25-29 30-34 35-40 40 Plus TotalDirection 0-4 5-9

0.2 6.3

0.6 1.2 1;0 0.7 0.5 0.2 O.l, 0.1

0.5 1.4 1.2 0.6 0.3 0.3. 0.0 0.0

0.3 0,7 0.9 0.8 0.4 0.3. 0.0 0.0

7.3 19.2 . 27.5 22.2 11.9 4.5 3.2, 1.4

S s

Total

223

0.4 1,3

1.5 3.8

1.6 4.6

1.6 4.1

0,8 2.1

1.7 1.3 0.8 0.3 0.2 O.l

5.7 4,8 2.5 0.9 0.8 0.3

7.6 6.3 3.3 1.3 1,0 0.4

6.5 5.4 2.8 1.1 0.8 0.4

2.9 2.3 1.3 0.5 0.3 O.l

0.7 27..0

0,1 26.8

0.8 23.5

0.3 3.0.6

0.1 4.5

0.0 4-1

O.O 3 2

2.8 100.0



4'ind Speed Groups  mph!
N-14 15-19 20-24 25-29 30-34 35WO 40 Plus TotaI,0-4 5-9

0.4 1.3

jji e" tion

0.32.6 2.8 2.0 3..3 0.8

4.S

0.8 3.5

4.4 2.4 1.0 0.6 0.2
2.3C.o

2.6 0.8 0.3 0.1 0.070.5

0:6 0.4 0. 2 O. 1 0.0 0.0

0.40.6 0.2 0.1 0.0 0.0O.SO.S

0.3 0-8

4.9 15.770~al
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e of windTable l . verag48 A e percentage frequency of occurrenc
46:speed � direction groups: Grand Isle, Block

Offshore Louisiana: October  Glenn, 1972!.

7.9 7.5 4.6 1.8 I..2 0.3

6.6 6.0 3.8 1-S 1-1 0-3

13 14 07 03 02 01

26.6 24.4 14.7 6.4 4.0 3..2,

0.5 12.0

0 6 29.5

0.6 24 2

0.4 16.2

0.0 7.8

0.0 2.6

0.0 2.6

0.0 5.1

2.1 Zao.o



Mind Speed Groups  mph!
Direction 0-4 5-9 10-14 15-19 20-24 25-29 30-34 35-40 40 PXus LQCsi

23 31 27 23 18 3..2

4.6 6.7 5.1 j.l 1 6 0.8

0.3 1.0

0.4 . 2.1

Si

SV

0.3 0.6 1.3 1.8 1.4 1.2 0.8 0.5

Zotel
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Table 15. Average percentage frequency of occurrence of wind
speed � direction groups: Grand Isle, Black 46:
Offshore Louisiana: December  Glenn, 1972!.

0.4 1.6 3.5 4.7 2.8 1.0 0.7 0.3

0.4 1.7 3.4 4.6 2.8 1.0 0.7 0.2

0.4 l.l 2.6 3.1 2.2 0.7 0.3 0.1

0.3 l.2 1.6 1.3 0.8 0.1. Q.Q 0.0

0.3 0.5 0.7 0.7 0.5 0.3 0.2 0.3.

2.8 9.9' 19.9 26..0 18,3 8.7 6,1 3.2

1.9 16'.6

1.3 24.7

0.5 15 ' 5

0.4 15.2

0.2 10.7

0.0 5,3

0.1 3-4

0.7 8.6

5.3. 100.0



Rind Speed Qrpups  ~p'L~!
10-l4 15-19 20-24 25-29 30-34 35-40 40 Plus TotalDirection 0-4 5-9

0.3 0.7

0.6 1.5

0.7 2.1

2.1 5.6

1.3 4.7

0.6 1.7

0.5 1.1

0.2 0.7

5T f

0.8 0.4 0.2 0.1 G.O

Total
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Table 16. Average percentage frequency of occurrence of wind
speed � direction groups: Grand Isle, Block 46:
Of fshore Louisiana: April  Glenn, 1972! .

li3 12 11 08 04 03

2.9 2.7 2.2 0.9 0.4 0.3

3.6 3.1 2.2 0 ' 6 0.3 0.1

9 ' 7 9.5 4.0 0-9 0.4 0 ' 2

6.5 4.8 2.5 0.7 0.3 0.1

1.5 1.3 0.6 0.3. 0.0 G.G

1.2 1.2 0.8 0.5 0.3 0.2

6.3 18.1 27.8 24.6 13.S 4.7 2.2 1.2

0.4 6.5

0.3 11.8

0.1 12.8

0.2 32,6

0.1 21.0

0.0 5,8

0.0 4.2

0.2 5.3

1-3 100,0



Table 17. Current and wind vectors for area near and around Burrwood,
Louisiana, which is located on Mississippi River delta
 extracted from Scruton, 1956! .
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Table 18. Current and wind vectors for area near and around Grand Isle,
Louisiana  extracted from Scruton, 1956! .
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Table 19. Average annual total surface ocean current2 speed-
direction groups: Grand Isle, Block 46: Of fshore
Louisiana. 110 foot mean low water depth  Glenn, 1972! ~
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Tab1e 21. Results of analysis of variance for mixing and stratification
seaward of the mouth of South Pass of the Mississippi River
delta  Mright, 1970!.

F-Ratios

Source of
Va=iation

Density
Ratiod. f.

River Sta e
Ii 2  :-lood

or Bbb
S as  Rough

or Calm!

Line Number

River Stage-
'li ce 6.743*3. 726 NS 31. 547»» 5. 399*

River Stage-
Sea Sta.te 1
Ririer Stage�
Line '.i .� her 3
Pi ve Stage
Bar Position 1 0. 939 NS 21. 568»» 5. 367» 0,202 NS

62& State

0.675 NS 1.383 NS 3.014 NS 3,580 NS

3& ?osition 3
a Distance Seaward

or .".o t'n  Lin ar! 1

rror

Io al
1:ncorrected! 138

231

Shore--ard or
Se&'ard of Bar
Cras t  Bar ?OS. 1

:i n 2 ".;b e r
'de

3 r Qsitlon
Sea State

' ne . u.-o er
S&2 S &re
3&r Poaition

»* Significant at .01 level
Significant at .05 level

NS '.ot significant
Continuous variable

Depth
of

Interface 4o /bz

41.208** 7.344»» 7,794»* 5.222*

0.138 NS 14.671** 0.031 HS 3.253 HS

5.509* 0.940 HS 1.204 NS 6.4h2*

0. 387 HS 5. 422** 1.449 NS 0. 694 NS

0.122 NS 14.561»* 3.433 HS 8.140*

0.011 NS 5.039* 1.232 NS 3.606 NS

0. 979 NS 0. 872 VS 1. 405 NS 0. 162 NS

0-668 NS 0.959 NS 0.859 NS 0.611 NS

0 . 065 HS 0. 716 NS 0. 888 NS 2 . 787*

0.983 NS 3.459 NS 0 ' 008 NS 0.050 iVS

1.982 HS 5.139* 1.533 NS 3.830*

0 ~ 317 NS 0.217 iVS 0.139 NS 0.561 iVS

25.114** 2.859 NS 7.963»* 0,398 ViS





1962 1963 1964 1965 1966 1967 1968 1969 Average

Jan 12.1 11,1 12.3 16.3 11.9 13.6 12.3 12.8 12.8

Feb 16.1 10.5 13.6 14.3 13.2 14.0 10.6 14.0 13.3

16.4Nar l5,6 18.5 17.1 16.1 16.6 17.4 15.4 14.0

Apr 21.3 23.5 20.8 24.1 20.2 25.1 22.4 21.8 22.4

May 26.4 25.1 24.9 24.8 25.3 25.9 25.9 24.6 25. 4

JU?1 27. 1 25. 5 29. 1 27. 4 27. 6 29. 6 29. 1 29. 0 28. 0

Jul 28.7 27.1 28.1 27.5 29.2 28.5 29.4 29.9 28.5

Aug 28.5 28.3 27.9 27.6 28.9 28.5 30.5 29.4 28.7

Sep 27.2 26.1 27.5 26.6 27.6 26.6 27.9 27.9 27.2

Oct 24. 6 22. 2 20. 7 22.4 22. 5 2l. 1 25.2 22. 7 22. 7

Nov 15.1 15.8 20.8 20.5 20.3 17.9 16.7 17.8 18.1

Dec 11.9 8.2 16. 8 14.0 14. 5 16.4 13.5 16.4 14.0

Winter  DJF!
Spring  NAN!
Su?nmer   JJA!
Fa 1 1   SON!

13. 4

21.4

28.4

22. 7
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Table 23. Nedian water temperature in C at station 3017:PN, Barataria
Bay, Louisiana  extracted f rom unpublished data, courtesy of
B. Barrett of Louisiana Wild Life and Fisheries Commission,
1972!.
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Table 25. Nonthly tide levels along the central Louisiana coast,
1958-59  Chabreck, 1972!.

Mean Highest Lowest
Water Individual Individual
Level Tide Tide

Mean

High
Tide

Nean

Low

TideMonth

Feet

.02. 39 � . 35

� .26

� .18

1.5
January

Feb ruary

Mar ch

Ap ri 1

3..6.56 .15

.60 1.3-21

~ 43 1.2.09.78

2.4.76.40l. 13

.69 1.7-18l. 19June

�. 06 1.5~ 39-83July
~ 47.83 1.6

Augus t

September

October

Novembe r

December

2.6.69l. 26 .97

1.8~ 39 .721. 06

.85 1.5.46.07

.37 �.62 1.4�. 12

2.6.82
-2 ~ 2~ 04 ~ 43Annual
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a From Chabreck and Hoffpauir, 1962.

-2.0'

-l. 8

-1.5

7

7

7

-1.0

.8

~ 2

5

2 0 1

2 ~ 2



,"wximum Astrononical Tide 2.5 Feet

Mezn High Mater 1.2 Feet

0.8 Feet.iean Tide Level

l'lean. Low Hater 0.2 Feet,

Lowest Astronomy czl Tide -O.S Feet

xaRlu2 Ben e 3-3. Fee"

Hean Range 1.0 Feet
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Table 26. Normal astronond.cal tide characteristics: Grand Isle,
Slock 46: Offshore Louisiana: 110 foot mean low water

depth  Glenn, 1972!.



Table 27. Annual wave climate summary for coastal Louisiana
 from Becker, 1912! .

Direction From which liave is Co;.ingli ave

8 St> Suototals
H, ft T~ sec

5.0%
4.5 7.5Z3.0

7.6X6.05.0

l. 2X7.07.0

0. 8X0. 5%8.08.5

18. 5X 13. 4X 100.W24. 9% 43. 2%Sub ta tais

~'The percentages cited are relative to portion of time during the year when
wind velocities exceed l0 kra/hr. 'tiinds 	0 km/hr prevail during 43.3 per-
cent of the year on the average.
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8.9X

l.2X

20.9X

20.6% 8. 7X

0.8Z

1.5X

46.8X

45. 8X



Nean Low Mater Depth

Vaziraxm Astronomical Tide

Sto~~ Tide

110.0 Ft,

2.5 Ft.

0.8 Ft.

Total Tide

Still Vate» Depth

Height of Naximuw Have

Period of Haximum Have

3,3 Ft.

113.3 Ft.

26.6 Ft.

9.3 Sec.

Length of iiaximum Vave 4,31.2 Ft.

Crest Elevation of i~4xiuum i~ave Aoove Bottom 128.3 Ft.

101.7 Ft.Trough Elevation of ~a.-i+urn Have Abave Bottom
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Table 28. 1-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water

depth  Glenn, 1972!.



Table 29. 5-year storm tide snd wave characteristics: Grand Isle,
Flock 46: Offshore Louisiana: 110 foot mean low water
depth  Glenn, 1972!.

afe n Low ~r'a er Depth 110.0 Ft.

lh inn Astronomical Vide

S o �.. Tice

Total V1de

Still Mater Depth

o= Yzxi-.i.urn 'v.'ave

Pe r io d o f ilaxiz.um Rave 10-8 Sec.

LB :ptii 0 Y~ciwlmUQ Wave

239

Crest Kiev-..rion of t~iuum Have Above Bottom.

Txcu"-h Elevation of ?~ximum slave Above Bott'

2.5 Ft.

1.1 Ft.

3.6 Ft.

113.6 F".

34.5 FL.

54S ~ 7 Ft

133.7 Ft.

99.2, Ft.



Table 30. 10-year storm tide and weve characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water
depth  Glenn, 1972! ~

~san Low Water Depth

YMia~J'2 As tro lofti cal Tide

Sto~s. T3.d.e

'Total Tice,

Still Viater Daptn 113.9 Ft.

1
net. ht 0 '~r 1 u Rave

Per10G oz iiax' Rum 'iave

1Z.en=to oz l'-x=z:.=-. '~-ve

98.4 Ft.

240

Cres zleva -on of ."~.;idun leave Above Bottom

Trougn Elevation of Harum Nave Above Bottoa

38.8 Ft.

12.4 Sec.

668.3 Ft.

137.2 Ft.



Table 31. 25-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water
depth  Glenn, 1972!.

Mean Low Water Depth

Yiaxi~m Astronomical Tide

Stox~ Tide

4.7 Pt.To-al Tide

114.7 Ft.Still '»'atex Depth

45.6 Ft.deight of:wxiruw Wave

?erioG oz aiaxUQUi1 Wave

Lenp"h of Kaximuz Wave

97 ' 6 Ft.

241

Crest "3.evation of Y~aximum Wave Above Botto;

7rough "'levat,ion oX ihximum Wave Above Eottm

110.0 Pt.

2,5 Ft.

2.2 Pt.

13.4 Sec

759.5 Fr..

3.43.2 Ft.



Table 32. 50-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water
depth  Glenn, 1972!.

Yiean Low Vate= Depth

imam Astronomical Tide

Stot- Tide

Tota' Tide

Still Water Depth 115.5 Ft.

rlaig'nt o= iaximum Wave 51.6 Ft.

Period o= Yazimum Wave 3$.'3 Sec.

Leng 'n of Maximum Rave 906.9 Ft.

350.2 Ft.

98.6 .""t,.
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Crest ~3.evation of. i~~ximum Wave Above Bottom

Trough Eievation ox Primum Wave Above Botto~

110.0 Ft.

2.5 Ft.

3.0 Et.

5.5 Pt.



Table 33. 100-year storm tide and wave characteristics: Grand Isle,
Block 46: Offshore Louisiana: 110 foot mean low water
depth  Glenn, l972! .

Stom Tide.

6.1 Ft.

116. 1 Ft.

Height of Y~ximum '.~ave

Period of Haximura Vave

967.0 Ft.

153.6 Pt.

99.3 Ft.
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Hean Low Mater Depth

tlaximuii> hstr onomlcal Tide

Total Tide

Still Water Depth

Length of Haximum Nave

Crest Elevation of ~maxi-.uv Wave Above Bottom

TrouFh Elevation o= liaxim~a Vava Above Bott'

2,5 j t.

3.6 Pt.

54.3 Pt.

16.0 Sec.



Table 34. Average percentage frequency of occurrence of significant
wave height � direction groups: Grand Isle, Block 46:
Offshore Louisiana: 110 foot mean low water depth: Annual
 GIenn, 1972! .

2.71.5 2.1 0.7 0.2 0.0 8,7

0.1 18,0

0.3 L7,3

0.3 21 ' 1

0.2 14.5

0.0 8.9

2.9 5.8 4.6 2.9 1.2 0.5

5.2 2.7

2.5 5,3 5.4 3.9 2a0 1.7

2.1 3.64.5 2.3 0.7

3.5S' 1.0 0.5 0.2

1.6 2.3 0.6 0.10.2 5.90.0

1.7 2.1 0.5 0.2 0.0 0.0 5.6

16, 7 31. 4 23.8 15.4Total 7.3 4.5 0.9 100.0
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Significant Have Height Groups  Zt.!
Direction O-l.9 2-3,9 4-5.9 6-7.9 8-9.9 l0-15 l5 Plus Total



Table M. Average percentage frequency of occurrence of significant
wave height - direction groups: Grand Isle, Block 46:
Offshore Louisiana: 110 foot eean low water depth: April
 Glenn, 1972!.

Significant Rave Height Groups Q'e.!
Direction 0-1.9 2-3.9 4-5.9 6-7.9 8-9.9 10-15 15 Plus Total

0.4 6.50.1 0.0

0.4 0.1

0.3

3.6 1.9S»

2.1

0,4 0,2S'n

4.20.00.2

0.1 0.0 $-3

O.4 100.0

0.0

8.0 3.8
Total
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1.0 2.0 1.8 1.2

1.6 4.7 3.3 1.7

1.9 3.8 3.6 2.3

3.3 6.3 10.6 6.7

2.0 4.8 6.5 4.4

0.8 '1.5 1.7 1.2

0.7 1.4 1.1 0.7

2.4 1.1 0.4

12.6 26.9 29.7 18.6

0.0 11.8

0.1 12.8

O.Z 32.6

0.1 21.0

0.0 5 ~ 8



Table 36. Average percentage frequency of occurrence of significant
wave height - direction groups: Grand Isle, Block 46:
Offshore Louisiana: 110 foot mean low water depth: July
 Glenn, 1972! ~

0.7 0.2 00 0 0 00

0.3. 0. 0 0.0

0.0 2.0

1,2 1.3 0.4 0.0 3.0

0.0 7.2

0.0 18.l

0.0 22.4

0.0 26.2

0.0 15.4

2.92.8 0.3 O.i 0.0

4.9 S.9 2.9 1.0 0.3 O.l

5.9 10.9 3.7 1.2 0.6 0.1

4.37.0 12.9 0.5 O.l

5.3 7 ~ 2.0 0 ~ 6 0.1 0.0

2iL2.9 0.6 0,1 0.0 0.0 0.0 5.7

0.0 100. 047.1 15-2 4.731. 1 1.6 0.3To al
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Significant lieve Height Groups  Ft.!
Direction 0-l ~ 9 2-3.9 4-5. 9 6-7.9 8-9.9 10-15 15 Plus Total



Significant 4'ave FeS.ght Groups p't,!
2-3.9 4 5.9 6-7.9 8-9.9 10-15 15 Plus TotalD- rec ion 0-1. 9

1.5 2 ~ 2 1.3 0.8 0.4 0,1 0.0 6,3

4.1 6.5 5.3 3.2 0.5 O.l 21.0

0.5 26.8

0.8 23.5

0.3 10,6

4.4 7.9 6,1 1.8 1.6

SE 2.4 4.7 2.0

2.5 2.7 2.1 1.0 0.9

0.9S',» 1.2 0.8 0.4 0.1 0.0 4.5

1.0 0.7 0.2 0.0 0.0 4 ~ 1

1.2 1.4 0.5 0.1 0.0 0.0 0.0 3.2

16.7 28.2 24.1 16.9Total 7.1 5.3 1.7 100.0

247

Table 37. Average percentage frequency of occurrence o f significant
wave height � direction groups. 'Grand Isle, Block 46:
Offshore, Louisiana: ll0 foot mean low water depth:
Sep tember  Glenn, 1972! .



Significant [<ave Height Gx'oups  Ft.!
2-3.9 4-5. 9 6-7.9 8-9.9 L0-3.5 15 Plus TotalDirection O-l,9

2.3 4.0 3.0 1.9 0.7 0.1 0.0 12.0

0.1 29.5

0.5 24.2

4,4 16.2

0.3. 7. 8

0.0 2.6

4 ' 8 10.0 7.8 4.3 0.8

2.5 7.0 5.8 4.0 2.5 1,9

l.2 3.2 4.0 3 ' 4 1.9 2.1,

1.0 2.1 2.3 1.4 0.6 0,3

0.5 0.7 0.7 0.4 0.2 0.1

0.8 0.7 0.4 0.1 0.0 0.0 2.6

2o31.2 0.9 0.4 O.l 0.0b'n' 0.0

14 F 1 30.3 25.2 16.2Total 7'.8 5.3 1.1 100.0
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Table 38. Average percentage frequency of occurrence of significant
wave height � direction groups: Grand Isle, Block 46:
Offshore Louisiana: 110 foot mean low water depth: October
 Glenn, 1972!.



Average percentage frequency of occurrence of significant
wave height � direction groups: Grand Isle, Block 46:
Of f shore, Louisiana: 110 foot mean low water depth: December.
 Glenn, 1972!.

Table 39.

Signif icant knave Height Groups  Ft.!
Di:ection 0-1.9 2-3.9 4 5.9 6-7.9 8-9.9 10-15 15 Plus Total

0.1 16.6

0..1 24.7

$=

5.30.1S

3.40.1

0.0 8 ~ 6

1.4 100.0"otal
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1.5 4.5 4.1 3.6 2.1 0.7

2.6 6.7 6.2 5.4 2.7 1.0

1.2 4.4 3.7 2.6 1.7 1.6

0.7 2.6 3.6 3.1 2.2 2.6

O.o 2.1 2.7 2.3 1.6 1.1

0,4 1.1 1.3 1.1 0.8 0.5

0.4 0.8 0.9 0.6 0.4 0.2

1.7 F 1 2-3 F 7 0.7 O.l

9,1 24.3 24,,8 20.4 3.2.2 7.8

0.3 15.5

0.4 15.2

0.3 10.7



Table 40. Intensity of offshore waves for coastal Louisiana  from
Becker, 1972!.

Deep-4'ater PowerMonth Non th Deep-t?ater Power

358 July 134

298 64

477 30S

l9lApr il l90

167Hay 329

269June December
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January

February

Mar ch

August

Sep temb er

October

1'tovemb er



Table 41. A. Variables selected for study of Louisiana coastal fish-
eries for 1962 through 1969. S. Treatment of variables
by category of relationships  Stone, 1972!.

VARIABLE

Name

SOURC E*UNIT AS A i]ONTHLY NEA.'4

No. 1 througli Nn. ]9 nre defined as .independent variables and y is defined as the dependent variable.
I inc sr Re ];it ]One li il>S: S I iliro«eh
Cnrvi linear 14.],it i >nsliiPs; Xlf, X] ], X14, X15, X16, X17, and Xlg  numbered %o. 20 through No. 26!
liiie rue tions: Xi ilirouph X5 respective]y with X5, X7, Xg, X9, XIO, Xll, and X19  numbered No, 27 through No. 54!

!iIO, X] ] and X]9 re Pectively with X12, X13, X14, and X17  numbered No. 55 through No. 66!
X]5 and Xi6 respectively with XIO, Xll, and XI9  numbered No. 67 through No. 72!

i!,S. Armv Corps of Engineers, «Stages and Discharges, Mississippi River and Its Outlets and
i'ributaries." U.S. Armv Fngineer District, New Orleans, La,, 1962 through 1969.
U. S. Crest and Geodetic Survey. "Tide Tables, High and Low Water Predictions. » U, S,
ilovernment Printing Ot fice, Washington, D.C. ~ 1962 through 1969.
Data furnislied by U. S. Department of Commerce, National Oceanic and Atmospheric Administr'ation,
National Ocean Survey. Rockvilie, ."Iaryland 20852
0, S, Coast .ind Geodetic Survey. "Tidal Current Tables." U.S. Government Printing Office,
Washington, D.C. 1962 thro»gh 1969."Climatological Data." U.S. Department of Coinmerce, Environmental Science Service Administration,
Environmental Data Service, Louisiana, 1952-]969, Ashville, N. Carolina.
I ouisiana 'Wi ld Life and Fisheries Data, Xl 7 derived from Xl!] from station in Barataria Bay, La.
National Marine Fisheries Service, in con]unction with the fouisiana Wild Life and Fisheries
Commission. I.ouisiana Landings. Washington, D.C. 1962-1969.

n <r>ny Corps:

'I'i>l 'I'nbli s:

NCAA:

'I'ide C»rrents:

C I im.

Id>>LF:
I,a. Landings:
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I

2 3
4 5
6 7
8 9

]O
I]
]2
13
14
15
16
17
].B
19
v

Mississippi River I!ischarge
Tide ILansu, Mobile, Ala., Predicted
Tide Range, Euprne Island, La.
Tide Range, Humble oil Platform,
Tide Range, Bay>»i Ri-aud, I i.
Tide C»trente, Mobi]i, Ala., predicted
Sea I,evel, I=.ugene Island, La,
Sea Level, Numb]e r!i I I'latform, La.
Sea Live], Bayou Rigaud, I.a.
Wind Direction, South Ci ntr;il La,
Wind Speed, So~th fintru] La.
Air Temper,it»re, !li.,n 'F, South Central La.
Air Temper:ii»i'i, 'F, Departure frOm Mean, Suuth Central La,
hlr Degree Hours ~ 65'F, Negative Departure
R,ii»l.i]1, M> .in InCI>es, SOiirh Central La.
Rain]a]1, l!up,irt«i.>. ]rom Mean, South Central La.
Water 'll mperariiii !k.ili.in, 'C;it 3017 P.'I:11
Niinihcr of II»ur '.i':il.ur I'cmpcratuze v 20'C at 3017 Pll'll
Wind Di rect ion: Spied, Grand Isle, La.
liisli tlarvest iif ! I.>»iis i un.>

cubic feet/second
feet
feet
feet
feet
feet/second  ebb 6 flood!
feet
feet
feet
10 increments
mp ll
n F
Coded sca]e
No. degree hours
inches
in ches
'C
No. hours
Between 135' to 225
No pounds harvested

Ariny Corps
Tide Tables
NOAh
iV OA. I
NOAA
Tide Curi'ents
>VOAA
NOAA
'NOAA
Cl 1 m,
C] iin.
C1 !:li,
Glim,
Glim.
I li:n.
Clim,
LWI. F
LWL F
LWLF
La. Landings



Table 42. Analyses of variance for Louisiana's coastal fishery, 1962-
1969, using 72 variables for straight forward regression
and correlations between observed and predicted data  Stone,
1972!.

Degrees of
Freedom 'fean Sou - 2Sums of S uaresSource

Regression

Error

Corrected Total

396,489,101,160 5,506,793,072

22 13,648,769,024

410,137,870,185

620,398,592

94

F Value R-Souar

0 F 00018.9 0.97

0. 95All Data

Hay through September

April through September

April through October

October through March

October through Ap&1

0. 93

0.96

0 ' 96

0.54

0.57
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Correlation Coefficients  Between observed and predicted fishery bar-est
at p 0.0001!



I ~

Significant variables* and their R-square values for fisheries
harvest off Louisiana, 1962 through 1969, as identified by
stepvise regression using  A! General Foods  GF! and  B!
Statistical Analysis System  SAS! programs  Stone, 1972!.
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Table 44. The acreage of marsh zones and vegetative types io the
Louisiana coastal marshes, August, 1968  Chabreck, 1970!.

Ve etative res

Saline Brackish Xntermedia te Fx esh Total
Thousands of Acres - - - - - - - - ~

47.3

868.5Sub-delta

15.6 23.1

931.4 10295.0Total
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Harsh
Zones

Chenier

Plain

Active

Delta

364. 9

907.0

354.6

224 ' 9

106.8

686.3

425.1

744.9

129.4

1,299.4

1, 191. 9

2,745.3

274.9

4, 212.1



Table 45A. Plant species co70position of vegetative types in the
Louisiana coastal tIIarshes  Chabreck, 1972!.

Ys -etutize rvoe

Spec reo

Porcext

.30. 10
, 927
07

5.34
1 3

2.47
4 .Co

,60
.13

.34
.10 .56

.28
7 5

,32
9' 

.11

.08

67 ~ 67
. �

»2
,12
.21
50

.84

.39

,16

, 10
.02

x 56
] 8

.51
,03
13

18
. 0-'

'3.32 .3614.27

2,72.36 .77
l. 43

t

}0. 74
o5

. 03

.49
3.28

2.46
.62

.08

.12.04
.01 .08

.05

.02
11

l. 93
. 14
.07
.03

.10

04
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Acnidn clabber.sns is
Acochynoxsenc virpinica
Alte rnsntheza philoserr xdes
As' c x' sp.
Aviccnnia nitida
Azolla carolini !na
Baccbazis hei irsifolia
Haccpa caroliniana

tso n sic r x
Bacchus zotundifolia
But is tseritwxa
sideos laevis
3>rr chin frutesccns
 Hra eel'!i" sc!E ther i
C bc n c=xoliniana
Car» sp
CentelIa erects
Cephala!!thus occidentalis
Cc»=tophy 11 »n desiersxxn
Clndiua 5-n icense
Cola c as in ant irxuo rua
Cuscuta indecoza
Cynodon dactylan
Cyceros co~pressus
Cyperus cdoretus
D ubcntonia zerana
Decodon vert:icillatus
Dichrorena colorata
Discicblis spicata
Dryopi.eris thclyptcr'is

vnr. hsliana
- ch nachlao « al tet J.
Eichornin crassipes
Zleocharis parvula
r.leacher'xs sp ~
Eupstariuxs cnpillifoliux 
Zupatoriuo sp.
Zi=bristyl is castnnea
Gerazdla xsazitima.
Heliotropiusx cuzassovicuxs
Hibiscus las ioc arpus
Hxydrccotylc bonariensis
'.Iydracotyle znnunculoides
Yydrocotyla uxsbellata
H>z enocallis oc cidentalis
Hypcricutx virpinicxm
lpatsoea stolonifexa

Saline 3zsckish lnterzoaia = Yresn



Table 45B. Plant species composition of vegetative types in the
Louisiana coastal marshes  Chabreck, 1972! .

Ve etative T e
Saline Brackish lncermedfateS?ecies Fresh

ercentP

.13
,lo

.84
. 03

3.9310,10 .12

.18

.16
2.11

.04

.02
,02
.32

07
.16.01 .18

.44.15

1. 03

.16

.76

.92
2.5l

.40
4.46

.08
6.63

.14

l. 38

,87 2.26

.28

.24

.643,83

6.47 15. 15
.21
.23

,08
.13
.63

.06

.16

.13

.42

.45

1.27
l. 83
3.26

,68
4.97
1. 78.66
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I'pcmoea sagit tata
Iva frutescens
Jv..cus e=fusvs
Jvncus zocmerianus
Jussiaea diffuse
Jussiaea sp.
Kosteletzkye virginice
Lemna minor
Leptochloa fascicularis
Leptochloa ffliformfs
LMnobi~ spongia
Lip?is nodif lore
Lycfvv carolinianum
Lychrum lineare
vyrfce cerifera
Nyriophylium spicatum
Nyrfophyllvm heterophyllum
gajas ttuadalupens is
gelumbo lutea
.'>wphaea odoreta/tuberose
gym?hoides equatfcum
Os .vnda regalia
ottelia alismoides
Panicvm hemitc=on
Panicum repens
? an i curn v i get uv
Panfcum sp.
?aspal~ dissectvvs
?as?alum veginatvm
Philcxerus vermicularis
?hraswf tea communis
Pluchea .cetida
?lvchea camphorate
Pciygonum sp.
Pcntedcria cordata
Potamogeton nodosvs
Potamogeton pusillus
Bv?pia mar'trna
Sacciolepis striate
Sagittaria falcate
Sagittaria latifolia
Sagitteria platyphylla
Sagittet ta sp.
Salicornia bigelovff
Selicornia virginica
Salfx nigra
Saururus carnuus
Scirpus americanus
Scirpus californicvs
Scirpus olneyi
Scirpvs robustus

.19

. Il

.60
,24
.84
,07

2.31
.49

.16

.06

.07

.16
1.56

.19
1.07

.54
1.15

.11

.43

.03
25.62

.24

.45

.10

.42

.35

.01
2.54

.02

.36

.56

.07
,03
.62

,06



Table 45c. Plant species coinposition of vegetative types in the
Louisiana coastal marshes  Chabreck, 1972!.

Vcnetac,inc 'Erne

Species

ercentP

.08

.06

.04

.06

,20

.03

.08pr
.b6

1.19
3 ,Pl

].48

6" . 14 4,77
.89

55.22
.04

.02
3.745,99

, 01
.20

.23
.02:< of fit i.,ole

Lr' cess r oa
l. 57
l. 68

.98
-c'. -' e CD ~ Ento

": -- c sleria s balata
, al i ' '.n ris a~eric ans .08

1.20 1.43

l. 0

3 8 .

:i.-.nice, s r iliacee
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Scirp s validt s
8:s 6 co 1 e=.al tata
Se=; i ". pcrtnlacastrw
Seta la Slaoca

S ' lease sp.
8- a-re~a a' cern 'flora

'",.a c;.-.osoroides
8=art.' na "stere
Sprat na sperticeae

coiel x pe prhize

Saline Brackish inrerceediate Fresh



Ve etative es

Brackish FreshIntermediateS ecies

Alternsnthera

a,c,d

~saco a monnlerl

demer sun

a,c,d

Eichornia ~crassi es

Juncus roemerianus

a,d

a,c

Panic|os ~re ens

Scii~us americanus

Sci~rus robustus

~S artioa alterniflora

+~ha latifolia

a,d a,b,c,d a,b,c,d

c,d

apcqd a,c,d

c,d

Reported by:

 a! This report  Tables 12, 13, and 14!.
 b! Brown  l,936!
 c! Lloyd and Tracy �901!
 d! 0'geil �949!
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Table 46. Published reports of ms!or plant species of vegetative
types within the active delta marsh zone  chabreck, 1970!.



Table 47. Published reports of major plant species of vegetative
types within the inactive delta marsh zone  chabrecks
1970!.

Ve etative es

SalineS ecies

A1ternanthera d,h

bsg, jAvicennia nitida

d,hh,j

a,b,g,h,j a,f,i, j

a,b,d,g,h, j a,c,i,j

Distichlis ~s icata

Juncos rosmerianus

Panicum hemi tomon
a,dsh

as j

~Soir us califoznicus

c,e,f,g,h,i

f,i,j

a,c,e,f,g,h,i, ja,b,d,h~Setting Serene

d,h,jTy~ha latifolia

re ens

Sources of information:

 a! This report  Tables 11, 12, 13, and 14!
 b! Brown �936!
 c! Ghabreck and Hoffpauir �962!
 d! Eggler �961!
 e! Harris and Chabreck �958!
 f! Harris and Nebert �962!
 g! Lemaire �961!
 h! O' Neil �949!
 i! Orton �959!
 j! Penfound and Hathaway �938!
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~Salting alteznif lore a,d,g,h,]

Brackish Intermediate Presh



Table 48. Acreages of the subdivision of hydrologic units of the
Louisiana coastal marshes, August, 1968  Chabreck, 1970! .

Hydrologic Unit
Type of Area

IV

Acres
Narshes:

261, 198
18% 300

143,850
2,373

469,311 583,101
27,748 18,226

81, 738Natural marsh

De-watered marsh

Water Bodies:

22,85315,419

327,428 202,172

1,289,796 1,401,154Total

Hydrologic Unit
Type of Area To talVI VII VIII

Acres

Narshes:

40,554Natural marsh

De-watered marsh
271,087

4,511
212,362 2�59,554

39,858 165,789
396, 353

54,773

Water Bodies'.

230,747 228,552

3,262
3,855

4, 174
3,849

51%746

539,635 7,823,38Total

a includes active beaches, cheniers, spoil deposits, ridges and elevated bayou and
lake banks.
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Ponds and Lakes

Bays and Sounds
Bayous and Rivers
Canals and Ditches

Swamp

Dry Land
a

Ponds and Lakes

Bays and Sounds
Bayous and Rivers
Canals and Ditches

Swamp
a

Dry Land

603,306
1,019,066

26,040
9,234

263, 835

2,200,979

20,825
64,668

3,288
1,095

21,920

4,383

156,733

49,517
212,260

5,888
7,075

27,108

448,071

33,904
332,127

4,781
5,328

8,256

54,204

714,198

95,391
122,625

17,004
12,476

27,234

356,468

26,456

716,352

292,056
108,841

43,795
5, 198

228,390
320�82

16,965
9,365

1,782,688
2,179,669

125,197
57,475

68,448

984,566



Table 49. Acreages of subdivisions of vegetative types in hydrologic
unit III of the Louisiana coastal marshes, August, 1968
 from Chabreck, 1970!.

Veea

Saline Brackish Intermediate Fresh Non-marshType of Area
cres - - - - - - - - - - --

Marshes:

17,039 36,324 28,375Natural marsh

De~atered marsh

Water Bodies:

11,336

27,234

73,789 126,011 27,23411,336 118,098

Includes active beaches, cheniers, spoil deposits, ridges and elevated bayou
and lake banks.
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Ponds and lakes

Bays and sounds
Bayous and rivers
Canals and ditches

Swamp

Dry Land

TOTAL

10,231
85, 160

1, 141
4, 527

10,231
18,180
4,427
4,527

74,929
7,949

11,336
3,422



Table 50. Acreage of subdivisions of vegetative types in hydrologic
unit IV of the Louisiana coastal marshes, August, 1968
 Chabreck, 1970! .

qr ~ ~~@
Saline Br- c;-.- sh In termed ia te Presh Non-marsh~zype o f Area

rshese

144,214 125,296 20, 084 179, 717
27,748

natural marsh

De-watered marsh

Mater Bodies:

Ponds and lazes

Bays and sounds
Bayous and rivers
Canals and ditches

331, 187 235, 173 27,280

Includes active beaches, chaniers, spoil deposits, ridges and elevated bayou
and lake banks.
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Swamp

Dry Land

TOTAL

61, 547
108, 841

14,253
2 332

96,920

11, 79l
1, 166

3,498

3, 498
200

130, 091

14, 253
1,500

15, 419

327,428

325, 561 370, 595



Table 51. Acreage of subdivisions of vegetative types in hydrologic
unit V of the Louisiana coastal marshes, August, 1968
 Chabreck, 1970! .

Ve etative T e

Saline Brackish Intermediate Fresh Non-marshType of Area

Acres

Marshes:

135,996Natural marsh

De-watered marsh
225,305

18,226
184,086 37,714

Water Bodies.'

561,371 252,364 55,879 288,289 243,251

Includes active beaches, cheniers, spoil deposits, ridges and elevated bayou
and lake banks.
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Ponds and lakes

Bays and sounds
Bayous and rivers
Canals and ditches

Swamp

Dry Land

TOTAL

99,403
268,768

7,992
1, 122

68, 559
39,958

5,608
2,243

4,487
11,356

1, 122
1,200

55,941.

2,243
4,800

22,853

202, 172



Table 52. Plant species composition of vegetative types in hydrologic
unit III of the Louisiana coastal marshes, August, 1968a
 Chabreck, 1970! .

a e e

Species Saline Srackish Intermediate Fresh

- ercent--

2.60 8.69

10.4 1

~C~eu ~oi;ira I~

8.54

1.49a w~a~es-i

5.53~Er~ip~a ~ca ~i~e

2.85Kaama

3. 12sp0

7.85kamm ~~X

25.294.09

2.97~> hea~saoa

8.55 3.95

10. 82 43. 64

2. 16

37.30

1.49 2.90

1.49

3.69S a a

2.11~Sa g~ carries

3.72

7. 59~S~ ~rl~y.t~

3.79~Sc i~ ~va
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Table 52.  con't!

Ve etat' e Tt es
Species

- -percent--

58.44

6.64 1.49
Seat ' aa ~ateas

2. 69

2. 521.33

a
includes only natural aarshes

~includes only plants making up less than 1.00 percent of the species co~position
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~Saiz aa a Saal SS~;a

Other Species

Saline Brackish Intermediate Fresh



Table 53. Plant species composition of vegetative types in hydrologic
unit ZV of the Louisiana coastal marshes, August, 1968
 Chabreck, 1970! .

Ve etative es

Species

- - � Percent

3.43Altsrnanthsra Ehiloxeroides

1.82Brace a monnieri 23. 97

3.08~atis maritime

5.34 3.21

1. 16

10.05 28.96 3.05

2.15

1.99

5.49

1.40 12.312.29Eleocharis sp.

1.53omoea

14.90 3.26Juncus roemerianus

41.35Eanicum hemitomon

16.79

1.60Spe

17.423.82

1. 19Salicorni.a Wrriaica

2.26 1.48~olna i

62.79~Sartioa alterni flora 9.03

7.77 45. 84 41.99~Sartina ~atens

~~~ha spp.

~VZEna ~re ens

2,59

1.16

1.36
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~Cerus odoratus

Decodon verticillatus

Di tisch1 i ~saic ate

Echinochloa walteri

Eichornia ~crassi es

Elsochari.s Earvula

Saline Brackish Intermediate Fresh



Table 53.  con't!

Ve~e ta tive T es
Saline Brackish Xntermedia te Fresh

! 
c~es

� Percent-

Q he Spec es .22 6.971. 223 ' 76
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Includes only natural ~rshes

i-cluces only plants making up less than 1.00 percent of the species. compositian



Table 54. Plant species composition of vegetative types in hydrologic
unit V of the Louisiana coastal marshes, August 1968a
  Ch ab re ck, 19 70! .

Ve etative T es

Species

1.12

1 ~ 52

~Bsco a monnieri 3. 72 2. 73

Batis maritima 6.58

~Ceres odoratus 2. 31 2. 98 l. 92

Decodon verticillatus 1.10

Distichlis ~s icata 11.66 13 09 1.86

1.43

2.60

1. 93 1. 27 18. 03

4u32

~lomoe a 1.12

3 ' 69Juncus zoemerianus

9. 23

3.35

Osmunda ~re elis 1.49

Panicum hemitomon 4.09 42.17

~Pas st.um ~va inatms 2.98

l.49

3.12 1.19

2. 45 7. 67

S c irons 6.57 7. 07

~Scir us validus 1.50

268

Aster sp.

Avicennia nitida

Echinochloa walteri

Eleocharis sp.

Saline Brackish Intermediate Fresh

Percent - - �- 2.42



Table 54.  con't!

Ve etative es

Saline Brackish Intermediate FreshSpecies

Percent

67.73 2.08Smarting alterniflora

l. 13

l. 2263. 39 34a236. 81~Setting ~atens

1. 585. 95Tx~ha spp.

~Vi na ~re ens

Zizanioosis miliaceae

Other species

4. 08 7.07 l. 04

3.18

3.922 01 10. 002.81
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a Includes only natural marshes

Includes only plants making up less than 1.00 percent of the species composition



Table 55. Partial list of the major primary producers in the Barataria
Bay, Louisiana  Day et al., 1972! .

Benthic diat ornai ic diatome

Spartina alterniflora
S. patens
Avicennia germins
Distichlis spicata
Juncus roemerkanus
Batis maritime
Salicornia

Benthic macro es

Entercmcrpha flexuose
K. intestinslie
Ectocarpus
Bostrychia rivularie
Fulysiphonia havanensis
Ulvs lsctuca
Grec ilaria f oliif era
Cladophors rspene or
Cladophora gracilis

Benthic c o

Oscillstoris

S pirulina
Chroorccoccue
Nerismo podia
Anaeystis
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Amphiprora
Amphora
A. augusta
Camphylcdiscus
Cocooneis
C. disculoides
C, disoulus
C. placentula
Cylindrotheoa fusiforma
Denticula
Diplonei e bomhue
Qyrosigma terryanum
Hsntsschia
Navicula
Nitssohia
N. parsdoxa
Pleurosigme.
Rhopalcdia gibberula
Surirella amorioana
Grammatophora marina
Nelosirs die tens
Isthmic nervosa
Cylindrothcca olosterium

Amphora
Denticula
Diploneis
D. interrupts
Gyrosignm
Navioula directs
Nitsschia
Opephora

Amphiprora
Csloneis
Kastogloia
Pleuro sigma
Surirella
Cylindrotheca c lost erium

Nerismopedia
Actinoptychus
Biddulphia
Chaetoceros
Coscinodiecus
Ceratium fucuc
C. hircue
C. trichcceros
C. tripos
C. vultur
Dinophysis caudate
Gonyaulax ~ta
Peridinium
Prorocentrum gracile or micsns
Proroc antrum ~
Skeletonema
Ditylum brightmellii
Thalassioncms
Cylindrotheca clos terium
Nitsschia pungens
Rhisosolenia



Table 56. Primary production in the Barataria Bay, I.ouisiana, in
g dry wt/m2/year  Day et al., 1972!.

Production

Gross Net*

Consumer Community Net

764**

60
-18. 4

25. 8

764
Total:

Production

Grass Net~

Community Net

WATER

418

488
598

698
Phytoplanktan
Benthic Plants

Water Column//
Benthos and Nekton

450

798

906 4812481296Total:

*Net production is less respiration of plants
**Takes into consideration bare areas on marsh
PPhytoplankton, zooplankton, and bacteria
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Grass .'

Streamside
Inland �0 m!
Average over marsh

Epiphy tes:
S t reams i de

Inland � m!
Average  to 2 m!

14,000 2,960
9,750 1,484

418** j,5j 8** 754**

103. 9

27. 3

32. 2



Table 57. Components considered in the marsh-estuarine system
 Day et al., 1972!.

PRODUCERS

Aagiospexis
Epiphytic diatams
Benthic Macrophytes
Benthic cUatoms
Phytoplankton

COHSUMERS
Marsh

Bactex'ia, Fungae
Meiafauna

Snails

Grabs
Polychaetee
Modiolus
Insects

Birds end ma~

Submersed Sedimanee
Nicrobiota
Meiobenthos

Water

Bacteria

Zooplankton
Blue crabs

Brom and white shrimp
Oysters
Fish

Birds
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Table 58.

8 Cells/g dry wt or ml H20

15.7 x 10
8

30.0 x 10
8

30.0 x 10
9

6.6 x 10
8

4a8 x 10
6

9.5 K 10
4

X Moisture

� top

Soartina � mid portion

94~Sartina � bottom portion

66ifarshland soil

Submerged sediment

t'ater

73
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Bacterial populations in various habitats of the marsh-
estuarine system in Barataria Bay. Numbers are average
over the year. From standard dilution and plate
techniques  Day et al., 1972! .



Table 59. Distribution of marsh fauna in Airplane Lake, Louisiana
 Day et al., 1972! .

average

biomass

m o 0 m

Organism
s 0

.1/22 .2/8 .4/36 .3/16 .4591Aug,

~ 3364Oc t.

,69/40 .47/12 .07/4 0 0 0 .1250Dec,

x = .31

.'!eritina

Aug. -9743

Oct, . 9411

Dec. 2. 8857

X = 1.5

Sesarma

7.9/4 5.8/8 0 .8764A'Q g,

Oc t. 1.1251

.4688Dec.

x = .8234

Fiddler

Aug. 0.

Oct.

4. 7/8 0Dec. 0 0

Blue Crab

0 0 0 0

O 2.75/8 0 .02/2 .016/4 0Oct. -5783

.0188/4 0Dec. .005

x = .1927
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Distance &to iMrsh from Waters Edge

. 2/8 . 22/20 0 . 29/10 .35/20 0

0 0 1.2/35 1.3/200 .8/20 0

.07/4 0 1.4/28 1.6/52 .25/4 0

0 .08/4 0 6.9/136 .4/8 0

0 3. 6/8 4. 2/8 . 03/4 0

1.1/4 5.5/8 0 0 0

$..0/8 14.8/20 4.7/8 1.8/4 0

1. 7/4 6. 7/8 2. 1/2 7. 5/12 0

3.0107

4.4743

.6407

2 = 2.71



Table 59 ~  con't!

average

biomass

00m to 0 m
Organis;,

l ittorina

Cc-.

Dec.

l.2/3l6 3.6/688 4.1/444 1.3/208 6.1/1088 4.3/680 3.5675

1.1/112 2.4/497 1.6/216 0.4/108 1.4/284 .7/52 1.1724

6.2/68 3.3/600 1.6/176 .14/16 .07/28 0 .8751

.wilg,

Oct.

Dec.

x = 1.8716

'. M iolus

3ct.

Dec.
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Distance into Marsh from Waters Edge
shore m 10m 20m Om

2, 8/28 6. 3/52 4.9/36 16.9/112 0

3. 6/32 7. 6/76 6.3/52 10.0/76 0

0 1. 1/8 8.,9/56 6. 7/40 0

3. 5/64 5. 6/148 0.6/24 2. 0/80 0

.5/4 4.8/44 .9/12 6.3/64 3.4/72 0

1. 4/36 9. 5/40 3.3/16 3. 0/20 0 0

8.4394

5.9991

4.4067

x ~ 6.2817

2.345'7

4.3587

2.8076

x ~ 3,1705



Table 59.  can' t!

Organism

Neritina

.3129

Sesarma

3.2/4 0 . 1251

Fiddler

8 . 5122

Littorina

10-3587

1.2100
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Dist, ance into Yarsh Trod Pat,ers Edge
shore m 10m 20m Om

3.2/20 34.9/80 11,.7/20 5.6/16 1.3/4

3. 5/40 2.9/40 Q,3/148 9. 8/BO 13. 5/88

. 2/28 1.4/392 3.1/672 1.3/260 O. 2/20

average

bioKB.ss

QOm to 0 z



fable 60. Check list of fishes of the Carninada Bay, Louisiana  Wagner,
1972! .

Class Chondrichthy
Crder Saualiforzes

Carcharhj qidae-Requiem Sharks
Rhi"onrionodon terraenovae-Atlantic Sharpnose Shark

us le' cas-Hull Sha.k

Cr". r .=.a�-'ironies
3asyatidae-Stingrays

Des zatie sabin -Atlantic Stingray

Class Osteich hyes
order Semonotifor. es

Le=isosteidae-Pars
I eoisosteus oculatus-Spot ted Gar

Lenisos-.ens ~satala-Alii a'.or Gar

Order lopifo-.~ s
Elopidae-Tarpons

Eicos scorns-ladyf'sh

Grd,er Anguillif ori., s
Con;". idae-Conger Eels

Canc." na flava-Yellower Conger

Ophichthida -'-Snoose- - els
Oohi"'.thus goo si-Shri..p Eel

Ord r Clupeiforzes
Clupeidae-Herrings

Brevoort'a patron..s-Gulf Menhaden
Do-.oso-,a ~ce eolian~-Gi -zsrd S"had
io-. -o.-..s pet n,n-e-7h» adfin Shad
Harcn= la oensa olae-Scaled Sardine
Coi-'.hon-.~a o"-1 n: � ,-Atlantic Thread Herring.g
=ardgne lla anchovia-Spanish Sardine

Wgr ai&idae-Anchovies
Anchoa heosetus-Striped Anchovy
Ayn".:oa ~ole zs-Dllshy Anchovy
Anchoa mitchilli-Bay Anchovy
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Table 60.  con't!

rd r !~cbopMforz.ee
:-'rnodon tidae-Lizard ishes

S ~no ~s f peter s-Ins';or e I,izardfi eh

C ='er Silsziformee

.iriidae-Sea Catfish

~arz~ ~s-Graff too san l

A.i s felis-Sea Ca:"'shi
Catfish

:ctaluridae-Freshwater Catfishes
. if.~m' ~rug ca~-pgnj.t Catfish

ac'c:oi5ida -Toadfish s

Gosanas beta-G~ .oa fish
-""-" " 'I! � "' " " '

"-.obie soc if o~nes

Vcbieeoc'iae~C~ingfishee
Gobi so' str mosus-Skilletfish

Crder Tophiifo~es
Anten. a iidae-Frogs ishes

His=rip histrio-Sar ~ ssuzfkeh

C. de" Gadi!ormes

"-adzda -Codfishes

Urooh~cis floridan~s-Southern Hake

Cra ; At~ermUormes

ocoe' idae-Halfbeaks and Flyingfishes

loni"-e-! eedle: i sh s

Sharon=..-~lu"a marina-.-'.tlantic Needlefish

o'.ontidae-i.il' ' f ' h=s

.denia zenica-3i~~aond l'.illifish
C ."i..odon roric atua-okeepsLsad:ldrunow
F ndnlua conf'nu=,",;. s-l!a."s'n 'ijlli"is'n
.".und .1:- dr a. dismulf '< llifisk
,=~<;.�lt.s si.�..ilis- .on:;;n.:se Killifish
Lu". nia. pares-Pairwa'.=r Killifisk

oeci' iida -r ive'oearere

f;.a.~.b sia a "f nis-.".os~. itof sh
Fo =i' ia 1 i-,-'-.na-Sailf in I!oll7

278

:vhidiidae-C~ek-Hels + 3rotulas
'.eoonwiiiu-. ~r. 1 si-Rla-ksd = Cask-eel



Table 60.  con't!

tl,herin' dae-Silversid=s
.' e:~oras martu ~isa-Ro~ =-h Silverside
iI..".'dia ~b=,", llina-.id=.'ster Silve sid

Cr:."r 'Taste. os'.e' "o, . s
';. =,.athidae-Pipe "ish s + Seahoz.s s

'.;-: =..-.-;h~s ~lo ..da.- "u'. " ?in 'ish
=;. =-n*th'as louisiana - .ham Pipefish
Sv,nnathus s"ov..' i-Gi~' f Pipefish

Order Percifo~ s
r;anida -S a, Bass. s

Pomstomida,e-31' f ish
P=.-�at ~ ~s sal;strut-31" cfish

Car-ngidaeWa."zs an Pox:panos
Caranx ~hi o-.-"."avails Jack
Caranx lotus-Horse-e7e Jack
Cr.lo-c"conc."u-. c",:rvs rus-lltlantic B&,.sr
Olivonlir,.s sac."us-Leatherja ket
S lena vous -Lookdovn
Tr -hino' ' car:-." inue � ."i.orida ?onpano
Tr*ehinotus falcat~s-Pe"it
Vom r actini. nis-Atlantic Moonfish

Gor~-phaenidae-dolphins
'""' s'� '" '-'

L» -',anicLae-Snappers
~Lilt anus, secs-Grap Snapper
~Lu= anus ~s.a is-lans Snapper

Lo'botidae-Trinletaiis
LO'O eteS S'JX'"tVaen315-l~i sletall

G rreida.e-tfajarras
'.C ivnn =-+Ox-..S ar =.errterS-S.",at f m POjarra

'nos om ls PLtla Sl ' v r Je?1.

t'.achvc.ntridae-t,obias
Psch; ce .-On canB.dll;fl-Coli3,

P
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Table 60.  con't!

S"aridae-' orgies
Archosar<iis orobato e=halus-Sheepshead
La�odon r'.~ozboid s-Pinf'sh

~cia -nldae i!r' ris

Bairdie la chrvsaa-Sil=.=r Perch
C-,aoscion arenariiis-San Seatr out
~C.. oscion nebulos.s-S-pitch Sea.rout
Lari: is fasciatiis-Ba".d -' Drii~
Leiostoacis xanthiir s-=po.
lIeoticirrhus a..erica., s-So;th rn Kmgfxsh

Po=.onias crozis-3lacx cruz
Scianops ocellata-?ed 3ru~

'='»»' icirrhiis littora' is

Kphippidae-Spadefishes
Cha. odioterus faber-Atlantic Spadefish

Mugilidae-.'~ullets
~'.u."il ceohalus-Stripe=' "&let
Mu..il curn -'ehi-s i

Sohyraenidae-Barracudas
~Soh acne chancho-Cuaguanche

Polpwe ..idae-Threadf nms
Po' vdactvlus octone.�, is-.~htlantic Threadf ie

Ur3nosco pidae-Stargazer s
Io i~ra "o us -g--Sra ccaa=-Southern Star azer

Blenqiidae- oxbtooth Platies

Kleotridae-Sleepers
QOr-..i atpr riaCIjlatc S- at Sleeper

- -- s ~st-Sc i.-.perh=ex Sleeper

Go Q~~ Q g e s
emerald Sleeper

Gobioidee bro~ssow t4-Violest Goby

Gob ionelliis has.T.at is-oc:argtai1 Goby
Gobicsoza bosci-:;a'-red gaby
Gobiosona robust'.-Cod Go~
.." cro unius ~llI05'15 Clown I obscc
Micro=-obiiis thalassin s-Green Goby
Gobionellus shufeldti-r reshwater Coby

-VOrt' C""S 1VriCIi � ~as =Oby

Tric', i iiridae~utlass.:shes

z � '
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Table 60.  con' t!

Sco.�,bridae=~fackerels and Tunas

Scozberonorus cavalla-.',ing mackerel
S.".c~~'~ero.-.prus zaculatzs-Spanish Mackerel

idae-Hutterfis'.-es

.=eorilus burti-GuU Butterfish

, rlgl ' dae $82,rob3215
Fr ionot,us tribulus-Bighead Searobin
Prionotus roseus-Bluespotted Searobin

notus rubio-Blackfin Searobin

: rder -='auronectiforzes
Bothi-'ae-: ei'teve Floun ers

Ci-:..arich-,hvs soiloptorus-Bay 'cram~
:..roses crossotus-frmged Flu|aud=r

Soleidae-Soles

hirus lineatus-Lined Sole
Tria=utes zaculatus-Hogchoker

Cy. oglossidae-Tonguefishes
~Sn~nhurus ~la iusa-glackchesh Touguefish

Order . ='raodontifo~es

Bali-tidae-Triggerfishes and r ilef'ishes
Al torus s:hoeufi-Oracge rilefish

Tetraodontidae-Puflers
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Table 61. DosLinant fishes in Caminada Bay, Louisiana  Wagner, 1972! .

Total Avg. No. X Total Total Area Biomass X Total
S ecies

Anchova mitchilli
11. 4.2752,633 2392

.14 7Brevoortia ~atronus
6.8Leiostomus xanthurus .13

.13Micro o on undulatus

Aries felis .34 17.6
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14,782 672

5,786 263

5,300 241

2,166 98

65.1 34201.4

15.4 23012.9

6.0 20404.7

5.5 22949.2

2.2 52539.2



Table 62. Total length range in ad.llimeters for 6 most abundant fishes
per trip in Caminada Bay, Louisiana  Wagner, 1972!,

Sea Atlantic %bite
Menhaden Catfish Croaker S t TroutDate

74-385
102-377
116-298
61-373
61-35o
52-104
75-335
78-323
77-153
82-420

40-247
38-204
42-137
76 218
90-130
69-185

149-179
69-161

6~7
33-120
26-128
46-109
55-164
25-115
51-132
62-156
95-100

22 261
25-108
29-3.90
28-216
25-51
35-210
6o-235
35~5
37-97

75-362
219-359

30-452
99-320

113-370
lo2-15o
113-385

27-33
31-59
63-82
67-134
40-132
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3-4

5 6 7 8 9
10

11

12

13
14
15
16
17
18
19
20

21

22

23

3/26/71
4/16-17/71
5/lk7/71
5/25-26/71
6/14-16/71
7/7-8/71
7/28-29/71
8/28-29/71
9/21-22/71

10/14-15/71
ll/4-5/71
ll/23/71
12/16/71
1/12-13/72
2/2/72
2/24/72
3/14-15/7?
4/4/72
4/29-30/72
5/17-18/72
6/7-8/72
6/28-29/72

29-76
19-74
28-71
22-75
19-68
21-74
20-75
19-80
16-72
26-79
24-75
21-75
34-80
27-79
31-80
17-92
18-80
17-79
>7-79

46-85
28-120

51-132
61-225
76-210
96-185

146-210
116-185
141-150

11-195
11-50
11%5
16-90
11-105
16-125
16-113
16-135
29-170
41-150
5o-228
71-216

75-171
85-202
97 123

107-202
157-228

139 210
143-185
140-194

145
36-51
43-173
18-163
27-95
35-105
50-180
65-149
75-124
81-157



Table 63. Total number of 6 most abundant fishes per trip  all gear!
in Caminada Bay, Louisiana  Nagner, 1972! .

Bay Sea Atlantic Mhi te

Tr out
%Toyota
Number

X

Total all trips
241

5,3oo
672

l4,782
98

2,166
263

5,736
2392

52,633
22

493

555.1 6.0$ Total Number 0 c2.2

x/mz ,03.09 .Ol .03 .003-37

»Hit one large school in Airplane Lake seine

284

1 3/26/71
2 4/16-17/71

3-4 5/1-7/71
5 5/25-26/71
6 6/14-16/71
7 7/7A/71
8 7/2 8-29/71
9 8/28-29/71

10 9/21.-22/71
ll 10/14-16/71
12 11/4-5/71
13 ll/23/71

12/l6/7l
15 1/1.2-13/72
16 2/2/72

2/24/72
18 3/l4-l5/72

4/4/72
20 4/29-30/72
zl 5/17-18/72
22 6/7-8/72
23 6/28-29/72

4559
2199
1872
1248
1065
835

5568
7493

927
1646
2589
558

lll6
1240
1245
1931
5079
4555
lo81
1300

972
3555

95
28

192
12

4438
247

10

31
6

56
0
0

207
65

175
7946»

86>

57
31

308
3

4
5

64
32
20

43
1288

98
129
zl8

2

5
4
0

36
3

48
9

48
53
37

259
78

298
305

56
47
28
10

8 2
46

164
673
255
Pl0

54o
476
6o8
705
397
108

27

425
277
189
45
27

8
ll

10

0

43
8
1

48
28

571
2454
535
533
451

48
58

0
68
75
63
61
69

9
45
1818 3 0 0 0
0 0 2
7

31
10

99.03
97.75
94.83
88.78
91.94
19.82
93.53
84.38
40.50
81.V2
92.12
72.84
96.58
66.32
70.9l
95.36
99, lo

97.50
89, 10
93.2
86.7
77il



Table 64. Total biomass in grams  wet weight! of 6 most. abundant fishes
per trip in Csminada Bay, Louisiana  Vagner, 1972!.

Beg
knoho 5sohadan

See
Catf iab

Qaite
T rolxt

atlanta. C
Croaker 8 t

3/26/71

5/1-7/71

1489 1
o. 30

213 6
04

366 0
06

98.9
.02

241.5
04

98.5
F 02

138.5
~ 02

81.8
~ Ol

1'r5 0
~ 03

18.6
~ 003

5/25-26/71

6 6/14-16/71

7/7 </71

8 7/28-29/71-

9 8/28-29/71

lO 9/21 22/71

5404.4
.76

2660.4
.29

1805. 7
.28

3995.9
.51

7280.6
79

429.1
.07

4117.5
.53

2412.7
.26

30 1
F004

po6e7
~ 12

1580.3
~ 17

454.9
0,09

492.5
~ 05

85.8
.01

426, 9
.05

1090. 7
.12

258.9
0 04

8782.5
96

1647.3
45

218.0
~ 03

180.2
ioj

315.0
~ 05

254.3
~ 03

409-7
~ 06

891. 2
o.15

843.1
0,13

603.3
0.09

5414.3
.83

4586.4
r70

557.8
.09

11 10/14-15/71 13845
~ 20

1237 7
e19

444-8
~ 07

821.7
~ 13

747.5
11

12 ll/44/71

13 11 /23/r 1

14 l~/71

1$ 1/12 13/72

16 2/2/72

2/24/72

1390 2
,15

32,1
.o04

224. 9
~ 028

64ol.6
~ 70

271.7
~ 04

1479.7
.19

721,1
~ 08

413.2
~ 06

12.5
001

1017.1
.14

3046.9
.39

672,0
.07

5671'3
.78

1223 3
.16

5378.2
.59

659.4
09

5264.7
.67

2287~9
~ 35

N 3/14-15/72

19 4/4/72

42e5.8
.66

2890 8
.44

1456.9
~ 22

836. 2
.13

563.4
,Qe

.5
,00006

7+0
.001

46.o
sQQV

190 5
~ 03

103 2
02

20 4/29 30/72

5/17-18 /72

22 6/7-8/72

23 6/28-29/72 ~ 1885. 9
.29

34201 4 23012. 9 52539. 2 22949. 2 20404.7 1779.6
Totals

x 8/a2
g Total
�-23!

~ 34
17.6

.14
7.7

02
0.5

~ 13
6.8

.13
7.1

-27
11 4

~ ritha
aeiee
seiae p
aeiee
~ aine
aeiaep
aeiaep

72751
7842a2
6515a2
5755&
708 2e2
9169sP

6 tregla, 3
6 treela, 2
6 trails, 2
6 traels, 1
6 trails, 1
6 trietLa, 2

1 trammel

1 trasaasl
2 troanel
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802.2
0.16

447.4
0,09

822 4
0413

2453 ~ 9
o.31

907 1
~ 10

936.0

761.0
.1Q

729.8
.08

268.1
.04

58.1
Ql

91 9
.01

27e6
.oo4

145.4
~ 02

121 5
~ 02

196 8
,oj

502~0
,08

477.6
.07

2352.9
~ 32

5208.8
~ 66

3528.6

1364' 8
.19

748.3
,10

1387 7
.18

2688.3
~ 29

463.8
~ 06

44 4
~ 006

33.9
005

255r9
. 235

316,7
.04

3165.6
.35

1970.9
~ 27

3430.8
-44

2873 ' 9
~ 31

4o5.4
.06

816.6
10



Anchoa mitchilli: crab megalops, zooplankton

Other studies:
 anchovy!

copepods, detritus, small fishes
and microbenthos

phytoplankton, detritus

Other studies .'

Brevoortta Batrooos
 menhaden!

phytoplankton, zooplankton and
detritus

amphipods, copepods, detritus

Other studies.'

Leiostomus xanthurus:

 spot!

pelecypods, copepods, detritus,
annelids, microbenthos

amphipods, annelids, copepods,
detritus, fish, insect larvae croaker!

Other Studies:

shrimp, annelids, fish, crabs,
mollusks, diatom, decapods, mysids,
microbenthos, zooplankton

Aries felis: crab megalops, fish, detritus

Other studies:
 sea cat!

macrobenthos, zooplankton, small
crabs, amphipods, mysids
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Table 65. Stomach contents of 6 dominant fish species of Caminada Bay,
Louisiana  extracted from Day et al., 1972! .



Table 66. Seasonal abundance and food habits of principal marsh birds
 Day et al., 1972! .

~Secies Food Habits

Water Fowl

plants, 68X
animal, 31. 5X; mollusc, 29X
crabs, 3X

plant, 75 ' 2X
animal, 24.8X; snails, llX
insects, 4X
fish, 2X

Shore Birds

Rails
Sea Side Sparrow

�!
�!

�! more abundant in cold months
�! more abundant in warm months
�! equal abundance all year
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Great Blue Heron

Little Blue Heron

Louisiana Heron
American Egret

Snowy Egret
Cattle Egret
White Ibis

Wood Ibis
White � faced Ibis

Puddle Ducks

Shove ler

Cadwall

Pintail

Mallard

Mottled Duck
Blue-winged Teal
Green-winged Teal
Diving Duck
Lesser Scaup
American Merganser

Wooded Merganser
Coots

Herring Gulls
Laughing Gulls
Ring-billed Gulls
Forster's Tern
Royal Tern
Least Tern

Caspian Tern
Gull-billed Tern
Plovers, willets
Sandpipers
White Pelicans

�!
�!
�!
�!
�!
�!
�!
�!
�!

�!
�!
�!
�!
�!
�!
�!
�!
�!
�!
�!
�!
�!

�!
�!
�!
�!
�!
�!
�!
�!
�!
�!
�!

minnows, 67X; shrimp & crabs, 10; small mammal, 5X
f ish, 27X; crus taceans, 45X; insects, 16X

small fishes, crustaceans, snails, insects
mostly insects
crustaceans, 60X; fish, 13X; snails, 13X; insects, 13X
crustaceans, insects

minnows & open water fish

shrimp

fish

crabs, snails, insects
insects, 70X, plant material, 20X, small snails�lOX



Table 67. Louisiana fisheries landings in 1970. Given in terms of
volume and value for principal species  extracted from
Current Fisheries S tat is ties No. 5 794, Louisiana Landings,
Annual Summary 1970! .

POQJDAGE

cumulativeSpecies

1. Msnh aden

2. Shrimp
3 ~ Grab
4. Oyster
5 ~ Catfish
6. Gr awf ish
7. Unclassified
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l.

2 ~

30
4-
5e
6.
7 ~

Shrimp
menhaden

Oyster
Catfish
Grabs

Crawfish
Unclassified

959~809~800
90~938q900
10~ 254~ 200

8,638,900
5,547,000
3pl73p300

27,286,100

34,6ll ~ 93l
l8,930,641
3,630,560
1,594,292
1,007,538

945,463
1,186,648

86.05
8.15

~ 92
.77

.50

.28
2.45

55.36
30. 28
5.80
2-55
1.61
1 51
l. 89

86.05
94.20
95.12
95 Qq
96.39
96.67
99,12

55.36
85.64
91.44
93. 99
95.60
97 $1
99 ~ QO



Table 68. Average annual harvest �963-67! of the ma!or commercial
fish and shellfish produced in Louisiana waters  Lindall
et al., 19 72! .

Specie s

713. 06

73.51~1

23 ~ >10. 12

61.426.688.7

23.71>> 2.8 0.90.42

4.391.2 10. 19.97

1.70.731.0

O. 784. 59 0.5

4 lj~~
~/

Spot 0.6 0. 08 0.2

Sentrout  Spotted and >white!

Red Drum

0.40. 190.5

0.20. 090.10 53

842. 37 43.48
Total

100.0100. 0

Live weight  computed by NIBS Stati tical Office> New Orleans!. The1/

genoral conversions of heads-off to 1ive weit;ht are: 351 for brown>

1.54 for white, and 1.60 for pink.

Includes industrial bottom fish

1967 exves el prices �!
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Menhaden

Shrimp

Croaker

Oyster

Blue Crab

Catfish and Bullheads

Pound, Percent Value+ Percent
 Million! of Total  Million! of Total



Table 69. Average annual landings of major commercial fish and shellfish
taken from Louisiana waters and landed in adjacent states
�963-67!  Lindall et al., 1972!.

Pounds~
lj

 :=>lion!
Valuei ~2/
 lKllion Dollars

Species

'142.09 2.00

2.$07 70

12.0 0,23

1.>8 0.51

0.03

0.04Spot

Seatrout  Spotted and t'hite!

Red Drum

0.06

.04 0.01

lM.!9 $.28Total
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Henhaden

Shrimp

Croaker

Oyster

Blue Crab

Jl Live weight

J2 1967 exv -sel p:ice

pg Includes industrial bottomfish

0.g4

2.>OP
i.9&>



Table 70. Production and value of major commercial estuarine-dependent
fisheries by hydrologic unit. Data based on five-year �963-67!
average annual harvests and 1967 exvessel prices  Lindall,
et al., 1972!.

B drologic Unit
TotalVII VIII jxV viIVI and II III

Species

41.10 12.40 41.10 713.06
0.58 0.18 0.58 10.1264.80 28.30

0.92 0 ' 40
335.83

4.77
159.33

2.26
30.20

0 43

20eoo 22.91 2,00 3.20 0.50 2.90 73.51
7.25 8.31 0.73 1.17 0.19 1.05 26.6-3 70

1.34
18. 30
6. 64

Croaker
Production
Va lue

4.93 7.63 1.10 2,11 G.30 2.11 23.71
0I08 0 14 0 02 0 04 0 01 0 04 0 421.20

0.02
4. 33
0. 07

Oyster
Production
Value

9.97
4. 390+00 4. ! 4 0. 85 O. Oo 0.01 0.00 0 ~ 29

0 ~ OO 1,82 O. 37 O. OO O.OO5 G.OO 0.134. 68
2o06

8. 27
0. 73

2. 46 1,12 0. 28 0.06 G. O4 0. 62
O. 22 0 ~ 10 O. 03 0.005 G. 004 O. 05v'. 03

O. 003
3. 66
0.32

Spot
Production
Valve

4. 62
O. OS

0. 85 l. 58 n. 22 0. 53 O ~ 11 0. 53
0.01 0,03 0 ~ 004 0.01 0.002 0-010.23

0.004
0.57
0.01

Catfish and Rvllheads
Production
Valve

4. 59
0,78

O. 003
0.001

0.41 !.79 0 ' 07 0.22
0.07 0.30 0.01 0.04

1. 94
0.33

0.16
0-03

0. Oo
0.00

4 ~ 11
0.19

o. 42
0 ~ 020.21

0.01

1.08 0.31 0.18 0.42 0 F 08
0.05 O.ol 0.01 0.02 0.0031 ~ 41

0-07

Red Orvts
Production
Vallje

0. 53
0-09

0.12 0.� 0,005 O.OO 0 F 00 0.02
0.02 0.02 0,001 O.OO 0.00 0.0030.02

0,003
0.23
0.04

total
P rodu cg! oW
Value >
Estuarine vatet

47,99
1.88

1~180 t ,.'256.6
NIS. 3Prodvc ti on,

pounds/acre
Value

dollars/8ggp

Mi,hp38.0 358. I
109.2

I 6.3 23.8 14.09.8 13.2

Hydrologic Units 1 and II vere grouped because of overlap of Breton and Chandeieur Sounds a«probable
overlap of catch designations therein

JP !iillions of povods

!iillions of dollars

LJ thousands of acres
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!fenhaden
Production-
Valu~3I

ghrilsp
Production
Value

Blue Crab
Production
Va lue

Seatrovt
Production
'Valve

192. 68
11. 50

1,764

35. 59
1 . 81

163

371. 35
14.55

314

99.74
9.97

!sip

33.87
1.50

153

47.50 13.65
1.84 0.43

323 13

147 1 l,oy0 o

%.7 33 I

842.37
43.48

3,283



Table 7l. Louisiana historical commercial landings of menhaden, l880-l967
 Lindall et al., l972!.

Thousands
Year

of Pounds

Thousands
Year

of Pounds

Thousands
Year

of Pounds

1954 270, 094

298,309

320' 521

162,817

2418 813

442,740

470,108

581, 682

689,157

633,484

599,538

682,435

555,900

510, 414

>880 1932

19341887 1955

19561888 1935

1937

19581890 1938

1897 19591939

196019401902

1945 1961

1948 19621918 88, 110

165,914

207~ 75$

209,574

283,373

307p492

19631949

19641927 1950

1965'928 1951

19661929 1952

19671930 1953

1931
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Landings yea s 1QBO-1965 rom myles �967s!- landings 19o6 and 1967 from

J yles   1968 and 1969!.
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5KNHADEH

Nursery Areas  Acres! Pounds pea' AcreK:llicn PoundsHydrologic Unit

1~764p000

163,000

314,000

419,000

K53,000

323p000

13p000

134p000

90-3159 33

30.20

335-~3

X and XX

XXX

1~069.6XV

185.0

127.2

20.30

~i 1. 10

12.40

41.10

VXI

953 8VXXX

306,7

217,27>3 073,203~000TOTAL
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Table 73. Production of harvested menhaden per hydrologic unit based on
5-year average �963-67!  Lindall et al., 1972!
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75. Louisiana shrimp landings and number of trawls and/or
�913-1968!  Lin dali et al., l9 72! .

seinesTab le

llarrels

Slir i.mp
210 11!s ~

Barrels

S1!r imp
210 Ihs ~

Calendar
Year

No ~ of

Sei.neo

No. of

Trawls

:n lendnr

Year
b'o. of No ~ o f

Scines Trawls

131
131
260

5

4 4.4 4 4 4 317

10

4 ' 
9 9 8
7 8

8
21

29
37

1<$68-69Source: Louisiana Mild 1 if e 13th Bienniala»d ;ishcr'es Co~isaion, Rcpox tp
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1913
1914
1915
1916
1917
1918
1919
1920
192 l
1922

1924
1925
1926
1927
1928
1929

930
1931
193"
1933
1

1935
1936
1937
1938
1939
1<O

50! 000
52, 381
57,1 >3
85,714
57' I
71, 429
76, 190

152, 381
163,O12
109, 050
153! 7 i9
150, 624
154, �2
I � 96 
150, Q96
195,303
2101033
19 , 550
I �, Q15!

I:66,050
220! 57V
252! 991
286, '�9
362,942
363, 656
395! 050
397 189

300

97
135
111

128

143
IQO
143
120

261
1?5
1�

uV

67
10 
125
30
35
13
26

499
983

I! 021
90~

I, 010

913

1,1iP6
'., i76

I, 0'i5
1 1q41

2,313
I, C,62
I, 621
3,016

19!>I
l<	12
Ic�3
1911
19'c 5
191  6
1947
91!

19 9
19p0
19! '
1<!
195
Iqr'

I9r 5
I<!g !
195 t
1 <! ' :!

19< r>
yVV

1961
Ir1C ~
196"
196"
19�
19C6
I<!F7
1965

554 354
489! 173

544 378
4 95 <'94
1< 01-, 901
365,617
3' C!, C!<! 5
37C!, 040
361,365
39 !, 980
398,952
437,3',0
451 g�
365,5 ~2
310, 130
181! 061
2Ã <86

11iQ 1; 3
2 i'3 920
30! ~, 020
2<,'i", 052
29  ! 993
2�, 520
358, 571
322., 702

3,028
2,380
2! 101
1,066
2f 373
3,o30
3,408
3, 200
3,310
2,819
2,248
2,27  
3 543
3, 1;1;2

3, o72
2, 1�9

1!  y!
4, I "1c

n~ f,  >9v
'i., 5 �
5! ~53
'  025
P  3<P

7, 29 !
7 ?15
9�89
8,996



HydzOIopic unit I and II III IV 'lj V7 VII VIII IX Tot a'1

Es tuazine 0]a cess 1,764
 Thousand aczes!

163 314 419 153 323 13 13s 3,233

18.3 3.7 20.0 22.9 2.P 3,2 P,5 2.9 73,5Shzirp hazuest
 Hi 11ions of pounds!

22.7 63.7 54.7 13,1 9 9 39.5 21.6 22.4Pounds paz aeze 10.4
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Table 76. Production of harvested commercial shrimp per hydrologic
unit. Figures based on 5-year �963-67! average harvests
and proportion of juveniles determined by samplings by
the Gulf of Mexico Estuarine Inventory, Louisiana Wild Life
and Fisheries Commission  Lindall et al., 1972! .



Table 77. Harvest of shrimp  live weight! from offshore Louisiana
including landings by other states �963-67! Lindall
et al> s l972!.

43>852>100 35>324>000' 62>557>400 34>353>000 34>017>900 214>329>900

239,467value  8!

Rarvest of shrlsg>  live»eight! from lr>shore Iouisiar>e ir>aludi»g Iaudi»gs by other states
�963-67!.
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Five-year Total 4,305,500

FiVe-yaer Average 861,100 8,7yo,420

3,200,864

7,064,8oo

2,812,116

12 > 511 > 480

'4,667,973

6,87o,6oo 6,803,580 42,865,98o

3>013>788 2>640>298 16>574>506



Table 78. Louisiana historical coanaercial landings of oysters,
1.880-1967  thousands of pounds of meat!  Lindall et al,
1972! .

Landings
Landings I.and ingsYearYear

Year

I, 189 1954
1880

8,3612,9781932

1887 1934p 733
9,39619555r 591

1888
19565,7432, 902

10,056

10, 490
1935

8,0483,3671889
19571937

8,265195819383s3921890

3,8661897
9,6671939 1959

4,830 19601940 Bs 311

1945 19619,8841908 11,953

1918 4, 522 19629> 016

4~ 119 1949 9,688 1963
1923

6,640 19648,7161927 1950

6,246 8,343
1928

19658, 1641951

4~ 549
4,800196611,4021929

4p846 19679."35 7,742
1930

1931 31 590

Landings years 1880-1965 from Lyles �967a!. Landings 1966 and 1967 from Lyles �968 and 1969!
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10p 222

13, 586

12, 412

10 139

10,160

11~ 563

11,40j



Figure 79. Oyster grounds in Louisi.ana �969! . Number of acres leased
by parish, in seed ground reservations, in the "red line"
area, and in public reefs. Information furnished by
Louisiana Wild Life and Fisheries Comnission  Lindall et al.,
1972!.

PARISH

116' 318Total

SFl".D GROU«D RES RVATIONS

7,356
�oo!

2,416
4,ol g
2 6o6

Si" ter Lake

 productive reef only !
Bay Junop
Day du G>aine  Hackb rry Bay!
Bay Gardene

16,4~3Total

"RED Lllr'" AREA

219, lg8
~44 2~

Mississippi Sound
Breton and Q>andeleur Sounds

664,491Total

PUBLIC BPEF

6,737
!

Calcasieu Lake
 productive reef only!

<,737Total

Totnl Oyster Grounds Committed! U03,559
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Iberia

Jefferson

I,afourche
Or1eans
P 1 a qu emin es
St. Bernard

St. Hary
St ~ Tareaany
Terrebonne

Vermilion

701
10,7~8
7>9Ã

333
37,6g4
361939

713
208

20,347
M02



4J
0 CD

Ol

~ c

CO
C

0 0

O

ILH
0

O

c0

Ot

t

~ I
a

E3
Ol~ -I

a
OlC3

a" Ol
CD

H H

O
CD

CD
ma

4

0 tJ
'0 0 '4

C 0
4J
Cl

'0 0

cl

0 0
'cl

tlc

'Cl
Cl
cd
6
4J

4J
M
0 ~

Q CV
cd cn
g
cd a

c

W
0

4J
8

0
~ H
M W
V cd

'0
0 C
0

9

8 ld I
H m

 h

w t
0 cD
ccc Fl
Cd c0
Cl e-I

0
C4

Q
Ctl
dl

dl
t4
ld

4J
cd Cl

emcee
8

4~ 0

301

cd
Cl
cd

cd ccc

cl
0 e

g4 dl



I

Ch Ch
Ch

O
cD
OJ

O
v-I

OJ
nl

O
CD

CD
cD

O Ol0I
D

CO

OJ

CD

m r ICh

C0

Ol

O
Gl
Ol

cD
OJch

0

C3
OJ
Ch

C7
CJ

C>

Ol

cdLJ
0
E4

W

C
0

CV

Jce W
A

JJJJ dJ

CJ C

4J g
cd 0

4

8
HS
W U

JJJ

0 W
W

IJJ PJ

O
LI

C X
0
J5I 0

.IJ 4

0

u
d.".

a

CP
ec

r.
!~ rl
jcc CcI

5a 55
di
i
cl

di

4%
cd
QI
I
dc
~ v-I

t-

~ -I CQ

CU

OJ
Ch

8 8
'R

OJ

OJ
NQ
Ch Ol

'CJ

'cJ cd
di

O di
l
00

cl'O
acd

4I CL

cll di
4J 4J
Cd OI
di di

302



O tR
0 0
0 t

CD CO
CP  D A'

tR0

0

Yl
cD

0
Ch 8

cn CR
a

0

C

C t4

Of

rrl
O LA

t

Of Of

303

5

Q

0

0 ~
0 ~

4 cn
O W

a
0

u!
4J
8

g
~ H
0! 0

0 A

Ch O Of

cD t

LA W OJ

Of
re vl

Ch

Of O & lA

Pi

0 Ch Ch 0

a CO
Of

rn m 0 cn

Of CCf
cs

OI Of iD i~
Of M Of



O O C9
aj
Pl
Pl

h'
CIl
IO

O O O pj

O O O
O
O

ccj

O O O CIjID
O
O

Cl
O

O O O ICl CO

O

O O O
ccl
'cP

O
O

O O O
M

M O O O

Fl
ce O jc

ClCl

'la

cl
IIII

0 Cl
'v
Cc'

CI
Cj cII

Cl4 4
i@I V

Cl
+I

304

Cl
00
Ilj

cjj
cd

0 cu

dj
IS
cd a

u cd

Orl

60 cd
0 '0

r4 g
0
'0 ~

IS
cjj

Arl
cjj w

dj
cd
4
Cj

CH
0

0
~ rf

C u
dl
LJ Q

4
4J

cd w
~ '0

W ~
0 0

cd
0
0 ~

O

0 OI
4 W

ED
0

8 CIl
O O



0 Q N O cd
Cg

cd
Q

g

1
'Cd
4 ~
Cd I

W ~
O

05 Pl
Cl
Cd

Cd 4J
th

C 4
0

G
c

305



4l

0
O

O
Cg C
gl Ill
gl Cg

O gl
Cd
M

O O

CO
gl
Cll

O O CD
CO

O O CO
O

O CDO O gl

Cd

'Cc
Cc cd I:
cd c
Cc 0 0

0

I II I

I I

I

Ch

I I

I I

0 ~

CO

0 a
OI ~

CO

CI
bd
Cc

i I

O O ccl
LQ

O O
0
O 0

CO

O

O DI O O O OO O ill O O cc!
CQ

O O O CO
8 u
0 OI

W

CO

W g

O O i> O i~ CO
gl
Cd

0
COI CD

gl g!
IQ

O OO O O O

CiI

O O Cb
Cd
 Jl

0 i>
O CO

CO CV
gl gl

O O i~ CO
CD

O O CO
O

O O O O O cd
gl

dc
0

Cc
cd
dl
ICl4J

cd4J
CC!

306

CO
OI

4

O A4J
W
0

Oi OI
4J

CO u
l6

I I

I I I I

I I

I I I

dl
h4
cd4 0 4
cc

.Cl
cd



m
0

4 0
Gl
Q

O O  'l
0 0 ~
o op!

CO ~
o c

O o ~
o o ~Efl W P

aa
cl o~

o ~
0 g ~
ca

0 o ~
lQ ~"

oo
o o
o~

o w

O 0
0 w

co w

l l

307

p CI
Cl
%4

O

C5
0

4 d O
.P4

O

O d 0 4 0 ~
l 0
O

c5



Table 85. Historical coavnercial landings of croaker in Louisiana
�880-1967!  Lindall et al., 1972! .

Year Thousands of PoundsThousands "o f Pounds

� Not available.
1/

� Includes Spot.2/

Landings years 1880-1965 from Lylcs �967a! . Landings 1966 and
1967 frow Lyles �968 and 1969! .
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1880

1887

1888

1889

1890

1897

1902

1908

1918

19Z3
1927

1928

1929

1930

1931

1932

1934

1935

1937

1938

1939

1940

1/

150

158

329

155
369

383
219

186

.169

81

60

59

44

301

408

137
78

113
33

1945

1948

1949
1950

1951
1952

1953

1954

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965
1966

1967

146
44

63
59

27

25

36
27

12

30

32

4,983
57

35

1L

7

25

20

15

20

56



da'ear eE VV W
CeilIodd B y

Area

IV kd
Bare caz ia
Bay Area

IV
Bay Agaad

Area

V E
lake Pelco co
TimSalier Bay

Hydrologic Area

SPECIES

.'t a - . ~ d*
 Croaker!

306.2
74.7
4.9

26,0

124. 7
25.7

'd,7
9.8

159,0
14.5
0.8

20.6

70.4
24.6

1.4
10.7

Sprirtg
Se �.,*r
Pa 11
'Win car

350, 5
175.1
2d7 1

128.1

335.8
125.2
19.1
46.7

360. 5
52.8
2,0

22.8

174 .0132. 0109.0113,0 47.047. 036.0Yeer1y Average
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Table 86. Seasonal abundance and distribution of juvenile croaker
in Louisiana estuaries. Results are based on average
number of fish per unit effort of combined seines and
trawls taken by Loui.siana Wild Life and Fisheries
Commission from April 1968 through March 1969. Tempera-
ture and salinity ranges are monthly averages  Lindall
et al., 1972!.



Million

Pounds

Nursery Areas
 Acres!

jiydrologic
Unit

Pounds

Per Acre

X and IX 1,764,000

163,000

314,000

4191000

153,000

323,000

13,000

134,000

4.33 2,5

1.20IXI 7.4

4.93XV 15.7

7.63 18.2

1 ' 10 7.2

2 ~ 11 6.SVII

23.10. 30VIXX

2.11 15.7IX

Total 3,283,000 23.71 7.2
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Table 87A. Production of harvested croaker per hydrologic unit based
on five-year average �963-67!  Lindall et al., 1972! .
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1
Table 88. Seasonal waterfowl population estimates for Southeast

Louisiana below intracoastal canal in the parishes of
Terrebonne, Lafourche, Jefferson, and Plaquemines  unpub-
lished data from H. Bateman, Wild Life and Fisheries
Comm., LA, 1971! .

Ceese TotalCoots

75,000 566,000 1,730,000

75,000 892,000 2,812�00

Fall

Winter

Sp rin.g 133,000 519,000

41,000 41,000Summer

1Figures based on 90X of total. puddle ducks and 60/ of total diving
duck estimates for southeast Louisiana. Louisiana Wild Life and
Fisheries Commission, 1970-1971.

2 Mottled duck and blue � winged teal only.
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Puddle Ducks

905,000

400,000

309,000

September 1970 through August 1971 ��

184,000

445,000

77,000



Table 89. Nutria and muskrat fur and meat statistics in Louisiana
 unpublished data courtesy of State of Louisiana, 1972!.

Year 1969-1970

41X $1,512,052 25X
5X 44,000 5X

1,232,052
550,u00

Muskrat fur

Muskrat meat

1,604,175
9,500,000

53X 3,826,680 64X
90X 760,000 85X

Nutria fur

Nutria meat

Total all species fur 3,002,043

Total all species meat 10,480,000

Total pelts and meat

Year 1970-1971

37X $1,230,246 27X
3X 32,000 4X

777,960
400,000

Musk ra t f ur

Muskrat meat

Nutria fur

Nutria meat

726,739
8,000,000

35 X 2, 180, 217 48X
65X 640,000 86X

Total all species fur 2,090,761

Total all spe cies meat 12, 370, 000

Total pelts and meat

Highest production 1945.....8 million muskrats
lowest production 1964.....unknown

Nutria: increased from 0 in 1942 to 1.5 million in 1966

Brackish Intermediate FreshSaline

18.5 4.0

81. 573.0 93.0 15.0

266.082.5 98.8 12-0

*Figures given are numbers of muskrats per 100 acres
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MUSKRATS+

Unit III

Unit IV

Unit V

$5,965,700

890,000

$6,855,700,25

$4,512,968.50

746,000

$5,258,968.50



Active-delta

18200

4,200

2$800

Sub-delta

16,740 brackishPrivate

9,720 intermediate

15,680 fresh

3,4/0 fresh  Salvador!

2,820 fresh

2,160 fresh

11320

1,320

Public  gm mgmt
and refuges!

240 intermediate

640 Biloxi brackish 920 intermediate
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Table 90. Population estimates on, alligator in inactive and active
areas of coastal Louisiana. See Figure 40 for locations.
 Palmissno, 1972! .



Table 91. Benthic organisms of the Central Gulf Coast per salinity
class and per taxon  extracted from Resources Technology
Corporation, 1972!.

Salinity

20-40 35-45

12Gas tropoda

Crustacea

Pelecypoda

*Number of species occuring in given gradient of salinity

Total Genera

13 14

6753

25 33

Resources Technology Corporation
"Fate and Effect Studies of Shell Oil Spill, Dec. 1970"
Final Report, pp. 3-6 to 3-12
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Grus tacea

Pelecypoda

Gastropoda

Echinodermata

Coelenterata

Scaphoda

0-5 1-10

2* 1

2 2

0 4

5-30 10-30

2 2

0 3

5 7



Table 92A. Sequential macro-organismal faunal successions for the
Central Gulf Coast  taken from Resources Technologr
Corporation, 1972!.

Freshwater/Brackish Water Assembla es � - 5 o oo!

Gastropoda

Liltorina irrorata
~'1eriiina reclivata

A A

Crustacea

Uca pugi Zi tor
amoarus sp.

C A

0-C

C'a Z Zi nec tee sa pi dus
~<tacrobz'achium sp.

C 0

Intermittent Variable-salinit Assembla es   5 � 30 + oo!

Pelecypoda

Gastropoda

Littordina sp.
Amni co Za sp.

0 0

Variable-salinit 0 ster Reef Assembla es �0 � 30 /ao!

Pelecypoda

C'r assostrea vizginica
Bracnidontes zecurvus

A
C-A

311

Low-salinit Assembla es � � 10 oo!

Pelecypoda

Bangia cuneta
Bangia fle~uoea
Pangia cazolinesis
 &coma mi tcheZZi

Gastropoda

Li t toridina s phi nc toe aroma

Crus tacea

Pangia cuneata
Bangia flezuosa
tacoma mitchelli
Craseoshrea virgixica
Petricola pholadi formis

C

0 0 C

0-C

0-C

R

A C



Table 92$. Sequential macro-organismal faunal successions for the
Central Gulf Coast  taken from Resources Technology
Corporation, l972!.

Variable-salinit ster Ree f Assembla es  continued!

Gastropoda

Crepidula plana 0-C

Crustacea

Balanue eburneus
Balanue amphitrite

C
0-C

Variable-salinit Non-reef -Assembla es  l0 - 30 /oo!

Xntermediate-salinit. Inshore Coastal Assembla es �0 � 40 o oo!

R-0

C

Intermediate-salinit Xnshore Shallow Water Assembla es   20 � 40 oo!
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Pelecypoda

Suculana acuta
Suculana concentrica
Wulina lateralie
Xagelue plebiue
Sneie minor

Gas tropoda

Retuea canalicuKata

Rchinodermata

Amphiodia limbata

Pelecypoda

Aequipectern irradiane
1'rachycardium muricatum
Nercenaria mercenaria
C'hione cancellata
Tag e Lue divieue

Gastropoda

Eaeeariue tribez
Neritina virginea
Nelampue bidentatus

Pelecypoda

Abra aequalie
Corbula contracta
Diplodonta punctata
Hulina lateralis
Nuculana concentrica
Pandora trilineata
Periploma fragi le

R-0

C

A C C

A A
A C-A
A

A C R-0
A C R-O
R-0



Table 92C. Sequential macro-organismal faunal successiona for the
Central Gulf Coast  taken from Resources Technology
Corporation, 1972! .

zntermediate-salinit Xnshore Shallow Water Assembla es  cnntinued!

Gastropoda

C
0-C

Nassarius acutus
Retusa canaliculata

Hi h-salinity Oyster Reef Assemblages �4 - 45 /oo!

Pelecypoda

A nomia s imp 2 ex
Brachi dontes ezustus
Dip 2o thyz'a smithi
Oetrea equestris

C C 0 A
Gastropoda

Anachis avara
Anachis obesa
Nitz ella Lunata
2'hais haemostoma f Loridana

C

C

C
0-C

Crustacea

Crangon heterochelis
Neni ppe mercenari a

C 0

High-salinity Non-reef Assemblages   34 � 45 /oo!

Pelecypoda

Gastropoda

319

Amygdalum papyria
AnomaLocardia cuneimeris
La e v i car dium m or to ni
Phacoides pectinatus
Pseudocyrena f Zoridana

Bittium varium
Ca e curn pu l ch e 2 2 um
Cez ithidea pliculosa
Ceri thium variabile
Haminoea succinea
Nodulus modulus
1'egula fasciata
Vermicularia fargoi

C

A C R-0
C

A

C

C

C
R-0

R
R-0

C



Table 929. Sequential macro-organismal fauna1 auccessions for the
Central Gulf Coast  taken from Resources Technology
Corporation, 1972!.

Inshoreinearshore Inlet and Pass Assemblages

Pelecypoda

Gastropoda

0-C

R-0

R-0
17romidia anti llensis
Betexocrypta granulata
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Ate ina seminuda
Crassinella lunulata
Xucina amiantus
Tucina cr encl la
TeZZidora cristata

Anachie avaz a
Zolinices duplicatus
Sinum perspectivum

Scaphoda

Dentalium texasianum

Echinodermata

Avbacia punctulata
Bemipholis e2ongata
Zuidia c Zathr ata
hfel li ta qui nqui es per f orata
Ophio 2 epic elegans

Coelenterata

Astrangia astreiformis

Czustacea

R-0

C C C
C

R-0

C
R-0

0
R-0

0

C

C



Table 92K. Sequential macro-organismal faunal succession for the
Central Gulf Coast  taken from Resources Technology
Corporation, 1972!.

A A C
Gastropoda

C

A
Olivella mutica
Terebra cinsz ea

Crustacea

Emerita talpoida
Octpode albicans

A C

C C C C
A

Echinoderraata

5uidia clathrata
Nellita quinquiesperforata

Variable-salinit Littoral Zone �5 -36

Pelecypoda

Abra lioica
tacoma tape Li formis
Hu2ina 2ateralis
Nuculana concentriea

A

C
C-A

C

321

Nearshore and Offshore Facies

Intertidal Surf Zone

Pelecypoda
Donax variabilis variabilis
Donax var iabilis texasiana
D on ax tumi da

Constant-salinit Littoral Zone

Pelecypoda

Atrina serrata
Chione intapurpurea
Dinocar dium robustum
Dosinia discus
Dosinia e2egans
Labiosa plicate22a
So lsn viridis
Spisula solidi ssima
Te 2 l ina tay 2oriana

Gastropoda

Az chitectonica nobilis
Busycon plagiosum
Oliva sayana
Pha'Lium granu2atum
1'erebra dislacata

C

C C C R R-0
C C
A



Table 92F. Sequential macro-organismal faunal succession for the
Central Gulf Coast  taken from Resources Technology
Corporation, 19Y2!.

Variable-salinit Littoral Zone  continued

Gastropoda

Anachis avara
Nassarius acutus
Po linices dup Zicatus

C C C
Crustacea

Portunus gibbesi
Squilla empusa

0-C

C-A

Offshore Littoral Zone � Soil or Mud Bottom

.Pelecypoda

Nucula prox ima
Nuculana concentri ca
Pandora bushiana
Pi tor cordara
Varicorbula operculata

C C C
C

A

Gastropoda

Anachis sain tpairiana
Nassarina glypta
Nassarius ambiguus

A C C

C C C
C R-0
R-0
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Offshore Littoral Zone � Sand Bottom

Pelecypoda

Aequipecten gibbus
Aequipecten mucosus
Chione elenchi
Chione grus
Gouldia cerina
laevicardium laevigatum
Iucina sombrerensis
Pecten raveneli
Phylloda squamifera
Quadrans Zintea
Semele purpurescens
Salecurtus cumingianus
Tellina georgiana

Gastropoda

AntilZiphos candei
Distorsio clathrata
Surer fulvescens
@urea pomum
Strombus alatus
Tanna galea

C C A C
A R-0
C R

C C C R-0
C
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Museum ot
Archaeology 8

'arin2

Science ~3 Description

16PL24

16PL13
16PL30

Pelican Isle, beach deposit
Earth mound

Beach deposit, marine shell more abundant than
chenier material

Beach deposit, few rangia
Oyster midden � few rangia deep
Rangia and few oyster mounds, 100 yds x 25 yds x 2lf2 /
�! 65' x 30' x 5 1/2' above marsh level

89' x 54'  bottom of the pit!
�! irregular 30' x 21'
�! irregular 30' x 21'
Site area 300' x 200', incLuding 5 smaller heaps of
shell, three mainly oyster and two mainly rangia, soma
pottery from mound
Beach deposit, rangia and pottery
Island, shell midden

200' x 15' x 1' deep  eroded and disappearing,1936!
Rangia midden
Rangia and soil midden
Shell Midden

The Graveyard  no information!
Very large shell midden, rangia, 3' above water level,
Several trappers shacks
Well Preserved shell midden, bore holes 2' below marsh
Well Preserved, beach deposit
Beach deposit
Beach deposit
Beach Deposit
Beach Deposit
Shell mounds and middens, 400 yds long

16PL3]
16PL7

16PL5
16PL8

16PL26

16PL19
16PL10

8

9

10

16PL9
16JP3

16JF47
16JF12

11

12

13

14

16JF11
16JF10

16JF34
16JF9

16JF8

16JF7

16JF37

15

16

17

18

19

20

21
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Table 94. Archaeological sites snd brief descriPtion in study area.
See Figure 57 for locations  unpublished data of Neuman,
1972 and Gagliano, 1972!.
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Table 95. Statistics of parishes and cities bordering estuarine study
areas in Louisiana  Perret et ale 0 1971!.
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Table 98A. Participation activity of persons six years and older,
Region 1A, part of coastal Louisiana  Comprehensive
Outdoor Recreation Plan - 1970-75, Louisiana State
Parks and Recreation Cormission, July, 1971!.

1970 1975
VOE1 Voce
Dare Dare

1980
Veca
DATC

1985
VCE1
DaveACTIVITT

SV I tut I tl C BBOL

BE ACH

BtorCL INC SVNHKN 6,012.850
SU«HER Svt,otv 173, 170

1 1 8 E25JZ
205 025

8,639,770
22»8,825

10,713,705
50B,A5»

2DRIVINc roa PLEAOURE SuNNT» »,044,299
SVH ~ EN Suupar 116 47

4,788,278
1 7 2

7 'lll 1 12
50 . T6

5,611, 1'11
167,762

SV NCR 5,800,667
Su«HCR SIJHDAT 'IQD

PL*r IHO Out oooa Ga«ce 5,461, 119
1 2':0

4,499 827'12 ' 6,772,0»41«r
E I ~ lt I N 4 Su«HER 3,050,278

SVIIHCR Sutloar S72848
3,611,400

101,00B
4,382,898 5,43JI,991

22,227 1,727
KIALNIHC EON PLCASVNC 5. 219 2 107

1
SVNIIEH 2 ~ 718, 938
SU«HER SU«OAT

3,906, 800
11 c1

4,8tt»,609
129" 4

Su«HCN 2,358,362
~VH«ca Su«oar 67 920

4,202,133
121 021

5 I 4 tl T O E C I II 6 2,792,200
80 41

3,388,694
97

ATTENOIRO OUTDOOR
~t ~ I

P I C It I C A I N 4

SUIT«KR 2 ' 046.513
Xus«ca Su«oar

2,940,602
84 68

2. 422, 984
6 81

326467479
10 018

Su«HEN 1,'�4,408 2,065, 305 2,506,513
SUN«CA Svucar 1

32 108,190
1

5 V N ll 5 H 1,616,191
Sv«HLN SUIIPAT

MOTOR BOarlaa ".984,5391 2 2,408,493
64

2,9867640

IIUHT I uc ' 2 7 722
FALL/UIH92Ea
SVHO*T 85,739

1, 915, 311

101, 511

2,32»,4»6

123 197

2,682,456

1 Z
Pea« ~ INC T15 ILClt SVNREN 760,133

SVNHEA SVNDAr 21
899, ",65
2'3 14

1,092,223
1 446

354 7 JI06
006

CA«HIND � TCNr 545,�6
IV«HI R Su ipav 1, 717

646. 12'I
18 608

784, 160
Z2

972,704
0 UI

CaaO IHO 5 II N tl C It 799, 1'l»
SvtlltEN Svaptv I»

946, 'I 17 1,148,235
ll

1, 42AJ, 863
41

SI2AN EH 701,661
SuttNEA SVNCAT 202207

HDACEOACN BIDIHC 830,737
23,925

1, 2.50 221
36, 006

1,008,206
29,036

Surura 651 935
Su«NEA Suttoa 7 18,804

$11O LEATCHIHc 773,047
22,263

938, 192
27, 019

'I, 163,400

SUHHE1
~UHNE1 SUITDAT

840, 17$ '
24 1

KIATKN eallac 692, '81584, '718
16, B39

1 04 'I, 851

686, 140
1 60

~S«rtC 1
BURNER 5 Hoar

850,845
24

5652362
16 282

477, 519
1'72

C1 au r I Olt I ~ 4

63Q, 120
18, 14

781, 588
0

519,210
14

438.538
12 62

5IJNR 5 1
SUNNCN SVNPA'I

PLCTB,HC GDLr

711,931
20 503

574, 117
16, 554

5 Lt NR C N 399,557
~V«HEN Svaa ~ 7 11,507

4'73', 058
13,624

N ~ Tvac M*LAO

It I A 7 It 5 573,014462,0927
1A,308

380,754
10, 965

SVNNEN
S,THEA Sultoat

12«594
o',261

A60,462
7,5«

173,070
4 984

210, 045
6,049

S V II N E a 146, 179
SuNHK 1 5 UH P ~ 7 4 209

Arrc«olac Qurooor
CPNCC ~ 75, PLATC

Sv Nta
SUHNCN Su«oar

16'.532
4 652

196, 0»l'
5 645

243, 09'
7, 02.	

136,43,4O J'I
,Caaot INC

121 2'79
2,00

98, 02081'7SUN«EN
~V«HEN SVHOar

80 2766
2 26

68,217
1

SA I L I IIC
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SU«REND 4,872,650
TIN«HER Su«oar 140,332
Suit«KR Z, 57,919
]UN«EN Suap*v 1EI 4

52769,010 7 001,455
I66,147 201,641

3,265 259 3,E�2,8»2
114 tao

8<682,095
250,044

4,917>,065
1~A



Table 988. Participation activt,ty of persons 6 years and older,
Region 1BP part of coastal Louisiana  Comprehensive
outdoor Recreation Plan � 1970-75 s Louisiana State
Parks and Recreation Commission, July, 1971!.

REGIOH 18

1980 1985
IJser IJser

1975
user
De s

1970
I/sr I'
Ds sACTIVITT

Suiaeing - Pool 2,620,S90
75,481

2,306,400
66,424

1,821,325
52,454

Suseer
Sus>tsr Sunday

1>483,423
42 722

1,030, 869
29 689

1,305,422
37 596

Beach Summer
Sure>er Sunda

3,234,178
t/3, 144Bicycling 2,846,097

81,967
2,506,321

72,182
2,247,515

64./ZS
Surete r
Summer Sunday

2,175,338
62,649

1,914,312
55,132

1,685,775
48,550

1,511,699
43,536

Driving for
Pleasure

Suteer
Suaesr Sunday

2,044,294
58,875

1,584,222
45,625

1,420,633
40,914

Playing Outdoor
Game s

3,79S,992
51, 810

S usage r
Sueaer Sunday

1,/443,806
41,581

1,640,677
47,251

1,271,440
36,617

1,140,149
32,836

Pishi.ng Sulame r
Sueser Sunday

1,016.299
2>3 269

1,462,456
42,118

I, 1 33, '128
32>6 39

Hulking fcr
Pleasure

1,286,971
37,064

S umm et
Su>est Sunday

I 268 510
36,533

983,030
28,311

681, 521
25,387

I 116 297
32,149Sightseeing Surete r

Su>ster Sunday

764,956
22,030

1,300.773
31,702

966,688
27,898

853.043
24.5>67

Attending Outdoor
Sports Events

Sv>amer
Boaster Sunday

938,278
27,022

825,691
23,779

727,117
20,940

652.034
18,778

Picnicking Sures r
Summer Sunday

698,682
20,122

903>586
25,'365

793,401
22,849

626,53'>
18,044

Summer
Succor Sunday

Hater Boating

S70,135

46,117Fall/J/inter
Sunday

765,725

40, 58'3

674,310

35,738

604,680

32.048

Hunting

359.798
10,362

408,858
11,775

3J6,844
9,125

2$4,126
8, 182

Somme r
Seamer Sunday

Camping�
Trailer

293,539
8,453

258, 316
7,439

203,988
5,67/

227,478
6,551

Camping�
Tent

Summer
Summer Sunday

378,249
10,893

429,825
12,378

298,397
8,602

333,093
9,593Crabbing guesser

Sue>ter Sunday
377,406
10,869

332, 121
9,565

292,471
S>5IB

262,270
7,553

Burner
Sueaar Sunday

Horseback
Riding

351,199
10,114

309,057
8,900

272,161
7>838

244,057
7,028

Sumter
goree t' Jundey

Bird Matching

314,506
9,057218,559

6,294
2 76, 768

7,970
243,726

7,019
Sumac r
Scorner Sunday

Hater Skiing

256,847
7,397

226,027
6,509

199,043
5,732

178>489
5,140

Craufiahing Summer
Sustrer Sunday

235,880
6,793

207,576
5.976

182,794
5,264

163,919
4,720

Playing Golf Summer
Sussaer Sunday

214,912
6, 189

189,124
5,446

166,546
4,796

149,348
4,301

natura Hslks Summa>
Susraer Sunday

134,049
3,860

120,207
3,461

Seamer
Summer Sunday

Hfkiag

60,931
1,754

54, 639
1,573

Attending Outdoor
Concetts, Plays

Su aster
5 mme r Sunday

73,384
2.113

64,579
1,859

56,869
1,637

50,997
1,468

5 ulnae r
S users r Sunday

Canoeing

36,692
1,056

32,289
929

28.434
818

25,49B
734

Seamer
Sue>sr Sunday

Sailing

329

2,031,055
58,494

1,149.577
33 107

152.222
4,383

69,192
1,992

172,978
4,981.

78,626
2,264



Table 99. Rankinga by hydrocarbon sediments and catches  extracted
free Resources Technologr Corporation, 1972! .

Sediment Hydrocarbon
CC14 Extractable

NW

2. 80
l. 80
2. 75

~ 60
1.00
3.00

1.25

Miles

Sediment Distribution

Mean Diversity

N NW S

Simple Diversity

N NWComposite Megafauna
Diversity 1.25 .80 .75

.65 .80 .80
1.60 1.40 1.10
1.15 1.20 .80
1.45 1.00 1.15

1.35 1.25
.65 .80

20 20
17 27
23 31
16 18

18 18

16
14

Composite Van Veen Crab Catch
Data Count Per m2

Composite Crab Catch
Data

Counts Per m

Composite Meiofaunal
Mean

Vith:Hydrocarbon Sediments Ranked

Simple Mean
Crab

� .6339 � .1339
+.2947 +.1786
+.8929 +.4331

Composite
Meiofauna

-. 3571

�. 1517

+. 7679

North Transect

Northwest Transect

South Transect

330

10
14
19
19

18

17
12

N

3.20
3.05
2.50

.70
1. 10
l. 40

1. 70

2
5

48
10
16

12 4

N 2 4
42 8
14

11 1

12

9 9
ll
15
14
39

12 9 8
10
13
12
36

S

2.75
1.25

2.60
l. 00
1. 00

S

ll
31
18
10

8

S

ll
28

16
9
8



Table 100. Prevailing winds for January offshore Louisiana. See
Figures 59, 60 and 61 for location  Texas instruments,
197la and b! .

Direction

 from!

Speed
 knots!

331

Xs'orth

North

Ea.st

South'

South

South~

West

North

10-16

10-16

6-10

6-10

6-10

6-10

17-21

10-16



Table 101. Yeast populations in Gulf of Mexico area following oil rig
fire and spills  Meyers, 197l!.

IDENTIFICATION

RHODOTORULA/RHODOSPORIDIUM

~OAI QRSPOalo1IIN

0 - 213 htEEKS
CANDI DA

'.0 'CENTRATIONS CALCULATED FROM APPROXIMATELY 30-40 SAYPLES OVER "CONTROL" AND
OIL-CONTAMINATED REGION

332

TIME OF COLLECTION
AFTER INITIAL EXPLOSION

2 REEKS

6 1JEEKS

CONCENTRATION OF YEASTS
 CELL/100 ML!

66- >200

2 - > 500

CAN DI DA
TRICHOSPORON



TabLe 102. Results from employing minimum dilution method to estimate
the relative abundance of aerobic oil-oxidizing bacteria in
mud collected from oil-polluted areas of Barataria Bay and
adj scent regions  ZobeLL and Prokop, 1966! .

Results from employing minimum dilution rrethod to estimate the
relative abundance of aerobic oil � oxidizing bacteria in mud
collected from oil-polluted areas of Barataria Bay and adjacent
regions.

Results from employing the minimum dilut"on method to estimate
the relative abundance of bacteria in mud samples from the
Barataria Bay region which oxidized oil under strictly anaerobic
conditions as indicated by sulfate reduction.

100

78

36
12

333

Total number of samples examined
Number in which oil-oxidizing bacteria were present
Number of samples having at least 102 oil oxidizers
Number of samples having at least 103 oil oxidizers
Number of samples having at least 104 oil oxidizers
Number of samples having at least 105 oil oxidizers
Number of samples having at least 106 oi] oxidizers

Total number of sarrples tested
Number of samples positive with 1.0 gram of wet mud
Number of samples positive with 0.1 gram of wet mud
Number of samples positive with 0.01 gram of wet mud

per gram

per gram

per gram

per gram

per gram

84

82

47

31

25

11 8



Amount of oil a lied er en
187 ml 375 ml 750 ml 1500 mlnone

Calculated amount of oil
per acre  U.S. gallons! 0 1078134 269 539

Time oil remained visible
on water surface  days!

60603030

Time oil persisted in
bottom mud  days!

18060 10060

Plants surviving in pen
after 2 months  percent! 100 90 85100

Plants surviving in pen
af ter 1-year  percent! 100 10100 50100

334

Table 103. Effect of crude oil on marsh plants and its persistence
under natural field conditions on coast of Louisiana.

The oil was retained in 16 ft pens by 4 x 4 ft wooden2

bulkheads  Zohell, 1962! .



Table 104. Yeast populations in marshland sediments before and after
saturation with oil  Meyers, 1971.!.

Per cent of total populationaSpecies

AfterBefore

20-3GPichia ~salting <10

20-3GP. saitoi

<10~K CI ~h~ 10-25

P. ohmari <10

<10sp ~

/ ~Rd <'l 0

<15 <10

<10

18300g000bMean Population

abased on colony differences and use of selective agar  Meyers
et al,, 19713.

335

colony forming units per cc of sediment.

25-30»�

15-30 ~

25-30»�



Oil Nu-:.~her
Property Q-4-DW-30Q-30

Gravity, APZ
at 607 22.429.3 32.3'

Viscosity, S.U.
at 100 I' 188.1 'cc50,4 sec45,4 scc 63.5 scc

NILAsphaltcnes

Naphtha

iN'i7NIL

14/23% 26 "/

Gas Oi 1
390-620 F 22/40'/24%36/

Heavy Distillate
620-7GO P 13/36% 36%27/

S0%10/14%14%Res iduu:n

Sulfur

ASTM D1551 0.83%0.30%0,33%0.22%

336

Table 105. Results of physical and chemical analysis performed by the
E. W. Saybolt Company, Inc., on the test crude oils  Mills
and Cul 1ey, 19 72! .



Table 106A. Approximate 48-hour LCp, LC and LC values for Penaeus50 100

shrimp and crude oil  ppt!  Mills and Culley, 1972!,

LC
plumb sr LC 100

< 1.0q-30 7.5 15.0

5.0-7.52.5V-30

H-4-D 10,0 40.0

q-4-D 1.0-2.5 7 s j

Table l06B. Approximate 48-hour LCp, LC5p and LClpp values for
Penaeus shrimp and oil spill removers  ppm!
 Mills and Gulley, 1972!.

100LCLC

! 7,500.05,000. 0500.0Corev I

5.02.5�.5,Ameroid

337

Qzl Spill
Re;nov.'r

! 10.0

50.0-75.0
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Wind toward

 at 7 m/sec! Spilled at C2Spilled at C j

500 ton 30 000 ton30, 000 ton500 ton

thru 10 hrs thru 1.0 hrs
Fig. 69 Fig. /0

thru 20 hrs

Fig. 68
225'

thru 30 hrs thru 30 hrs
Fig. 72 Fig. 73

thru 20 hrs

Fig. 71280

thru 20 hrs thru 20 hrs
Fig. 76 Fig 77

thru 20 hrs thru 20 hrs

Fig. 74 Fig. 75315

thru 20 hrs

Pig. 78B
thru 20 hrs

Fig. 78A360'

Table 108. Summary of wind conditions and types of oil spills used
at C and C  see Figure 1! usec. with Hansen.'s model for
projecting the distribution and abundances of hypothetical
spills, See Figures 68 to 78.
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Table 110. Area of visible influence of various levels of a continuous
oil spill  Ichiye, 1972! .

Length
km

Area

 km!
Barrels

~Per Da

200 60 2,000 600 1

400 120 4,000 1,200 4

600 180 6,000 1,800 9

0.5 0.50.21.2

2.21.02.3 2.0

5.0 5.04.0 2.04.2

24.0 53.0ll. 01,300 400 13,000 4,000 44 21.08.5

Initia1

Plume

Width

ft m

Final �! Time Required in Hrs�!

Width y y y
D =50 D =100 D =200

ft m
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